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PREFACE 


The aim in writing this book has been to give data, details and tables for the design and 
construction of steel bridges and buildings. The book is written for the structural engineer and 
for the student or engineer who has had a thorough course in applied mechanics and the calcu- 
lation of stresses in structures. To this end data and tables that will be of service to the designing 
and constructing engineer have been given, rather than predigested data and designs that might 
be used by the untrained. The book is intended as a working manual for the engineer, draftsman 
and student and covers data, details and tables for the design of the structures ordinarily met 
with. Swing and movable bridges, cantilever and suspension bridges require special treatment 
and have not been considered. As the book is intended to supplement the present books on 
stresses the calculation of stresses in bridges and buildings has been only briefly considered. 
The calculation of stresses in retaining walls, bins, stand-pipes, and other structures not ordinarily 
covered in text-books on stresses have been given in compact form. Great care has been used 
to give examples of structures that represent standard practice. With a few exceptions the draw- 
ings of details of structures have been especially prepared for this book from actual working plans. 
The book is a source book and is not a treatise, and is intended to furnish data and details that 
are available only to a few engineers; and standard specifications for materialsand workmanship 
that are available only in transactions of societies and in special treatises. 

The tables giving properties of columns, top chords, plate girders and struts have been cal- 
culated especially for this book, and are original in material and arrangement. In calculating 
the tables only those sections which comply with standard specifications have been given. The 
tables have been calculated by the use of calculating machines and have been checked with great 
care. The values will be found to be correct to one unit in the last place given. Properties of 
Carnegie and Bethlehem sections are given in a compact form for easy reference. The tangents 
of the angle of the axis giving the least radius of gyration, given in the tables giving properties 
of Carnegie angles, were taken from Cambria Steel. With the exception of a few special I beams 
and channels the tables may be used for Cambria, Pencoyd and Jones & Laughlin angles, I beams 
and channels. The American Bridge Company standards for eye-bars, loop-bars, clevises, pins, 
and other structural details are given. Tables of logarithms, function of angles and tables that 
are easily available have not been included. 

The size of the book and the size of the type page were selected for the reasons that they give 
a book of standard size with a type page large enough so that each table can come squarely on one 
page, and large enough so that complete plans of structures can be given. A large clear type was 
selected for both the text and for the tables. The paper has been selected with the idea of clear- 
ness of the printed page. 

This book is a result of many years’ work, during which time the author has written four 
books on structural engineering. In writing’this book the author has drawn on his other books, 
although much of the material given on steel mill buildings and highway bridges is new, and the 
Structural Engineers’ Handbook supplements the author’s other books. 

Data and details have been obtained from many sources, to which credit has been given in 
the body of the book. The author is under special obligation to many engineers, to which special 
acknowledgment cannot be made on account of lack ot space. 
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vi PREFACE 


In writing this book the author has been assisted by several of his former students. Credit 
is due to Mr. I. C. Crawford, Instructor in Civil Engineering, for assistance in calculating tables 
and reading proof; to Mr. C. S. Sperry, Instructor in Engineering Mathematics, for assistance in 
calculating tables; to Professor H. C. Ford, of Iowa State College, and Mr. T. A. Blair, Instructor 
in Civil Engineering, for assistance in preparing the drawings; and especially to Mr. W. C. Hunt- 
ington, Assistant Professor of Civil Engineering, for assistance in arranging and calculating tables, 
reading proof and assistance in other ways. 

The author will appreciate notices of errors and suggestions for the improvement of future 
editions. 

IMS Tek 

BOULDER, COLORADO. 

August 23, I914. 
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In this edition details of steel windows and doors, data on cement and gypsum tile roofs, 
solutions for bending moments in mill building columns and stresses in stiff frames have been added 
to Chapter I, and Chapter III, Steel Highway Bridges, has been rewritten and enlarged. All 
known errors have been corrected. Duties required of the author as Assistant Director in Charge 
of Construction of the U. S. Government Explosives Plant, Nitro, West Virginia, have made it 
impossible to complete a more thorough revision that was planned. 

NETS 
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saving in shop cost, it often results in a material increase in the weight of the details of the struc- 
ture, and in the number of field rivets, so thac the efficiency of the structure is not increased, 
and the final-cost of the structure is not reduced. The author has in mind a case where to change 
the details of a plate girder so that multiple punches might be used required the addition of details 
equal to 5 per cent of the weight of the span and the addition of 25 per cent to the number of field 
rivets, with no increase in efficiency. 

The best results are obtained when the structural engineer prepares carefully worked out 
detail drawings (not shop drawings) in which the efficiency of the structure, ease of fabrication 
and ease of erection are given due consideration. The shop drawings may then be prepared by 
the bridge company to take the greatest possible advantage of improved shop methods without 
decreasing the efficiency of the structure, or increasing the total weight, or increasing the cost of 
erection. 

Part I is divided into seventeen chapters, of which the first eleven chapters cover different 
types of structures, and the last six chapters cover subjects which apply to all types of steel con- 
struction. While the aim has been to present the largest possible amount of information in the 
limited space, each subject presented is discussed briefly in a logical order. 

While the author has drawn on his other books in the various chapters, the reader will find 
much new material on the subjects covered in the other books, especially in Chapter I, Steel Roof 
Trusses and Mill Buildings, and Chapter III, Steel Highway Bridges, so that this book supple- 
ments the author’s other books on structures. Each chapter is self-contained, the illustrations 
and tables being numbered independently of the other chapters. As far as possible the different 
subjects are discussed fully in each chapter, thus reducing cross-references. The most of the 
cross-referencing is made through the index, which together with the table of contents will be 
found invaluable to the reader. 


CHAPTER I. 


STEEL RooF TrussEs AND MILL BUILDINGS. 


Definitions.—The following definitions will assist the reader in a study of roof trusses and 
steel frame buildings. 

Truss.—A truss is a framed structure in which the members are so arranged and fastened 
at their ends that external loads applied at the joints of the truss will cause only direct stresses 
in the members. In its simplest form a truss is a triangle or a combination of triangles. In this 
chapter it will be assumed (1) that the structure is not constrained by the reactions, (2) that the 
axes of the members meet in a common point at the joints, and (3) that the joints have friction- 
less hinges. 

Transverse Bent.—A transverse bent consists of a truss supported at the ends on columns 
and braced against longitudinal movement by knee braces attached to the lower chord of the 
truss and to the columns. 

Purlin.—A beam that rests on the top chords of roof trusses and supports the sheathing 
that carries the roof covering, or supports the roof covering directly, or supports rafters. 

Rafter.—A beam that rests on the purlins and supports the sheathing, or may support sub- 
purlins. Rafters are not commonly used in mill buildings. 

Sub-purlin.—A secondary system of purlins that rest on the rafters and are spaced so as to 
support the tile or slate covering directly without the use of sheathing. 

Sheathing.—A covering of boards or reinforced concrete that is carried on the purlins oc 
rafters to furnish a support for the roof covering. 

Girt.—A beam that is fastened to the columns to support the side covering either directly 
or to support the side sheathing. 

Monitor Ventilator.—A framework at the top of the roof that carries fixed or movable louvres, 
or sash in the clerestory. 

Clerestory.—The clear opening in the side framework of a monitor ventilator of a building, 
also the clear opening on the side of a building. 

Louvres.—Slats made of metal or wood which are placed in the clerestory of a monitor 
ventilator to keep out the storm. Louvres may be fixed or movable. The opening of a monitor 
ventilator is also called a louvre. 

Panel.—The distance between two joints in a roof truss or the distance between purlins. 

Bay.—The distance between two trusses or transverse bents. 

Pitch.—The pitch of a truss is the center height of the truss divided by the span where the 
truss is symmetrical about the center line. 

Other terms are defined when they are first used. 


DATA FOR THE DESIGN OF RooF TRUSSES AND STEEL FRAME BUILDINGS. 
Weight of Roof Trusses.—The weight of roof trusses varies with the span, the distance 
between trusses, the load carried or capacity of the truss, and the pitch. 
The empirical formula 


P iG 
A toy = 
W re UMSeaeay (1) 
where 
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weight of steel roof truss in pounds; 
capacity of truss in pounds per square foot of horizontal projection of roof (30 to 80 Ib.); 
A = distance center to center of trusses in feet (8 to 30 ft.); 
L = span of truss in feet; 
was deduced by the author from the computed and shipping weights of mill building trusses of 
the Fink type. 

Weight of Purlins, Girts, Bracing, and Columns.—Steel purlins will weigh from 1} to 4 lb. 
per sq. ft. of area covered, depending upon the spacing and the capacity of the trusses and the 
snow load. Girts and window framing will weigh from 1j to 3 lb. per sq. ft. of net surface. Brac- 
ing is quite a variable quantity. The bracing in the planes of the upper and lower chords will 
vary from } to I lb. per sq. ft. of area. The side and end bracing, eave struts and columns will 
weigh about the same per sq. ft. of surface as the trusses. 

Weight of Roof Covering.—The weight of corrugated iron or steel covering varies from 
13 to 3 lb. per sq. ft. of area. The weight of corrugated steel is given in Table I. The approxi- 
mate weight per square foot of various roof coverings is given in the following table: 


Ww 
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The actual weight of roof coverings should be calculated if possible. 

Snow Loads.—The annual snowfall in different localities is a function of the humidity and 
the latitude and is quite a variable quantity. The amount of snow on the ground at one time 
is still more variable. The snow loads given in Fig. 1 were proposed by the author in ‘‘ The Design 
of Steel Mill Buildings’ in 1903 and have been generally adopted. 
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One of the heaviest falls of snow on record occurred at Boulder and Denver, Colorado on 
Dec. 5 and 6, 1913, when 36 inches of snow weighing 9 lb. per cu. ft. fell during two days. Many 
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flat roofs were loaded with a snow load of more than 30 Ib. per sq. ft. and roofs with a pitch of one- 
half carried the full snow load of 27 lb. per sq. ft. of horizontal projection. 

A high wind may follow a heavy sleet and in designing the trusses the author would recom- 
mend the use of a minimum snow and ice load as given in Fig. 1 for all slopes of roofs. The 
maximum stresses due to the sum of this snow load, the dead and wind loads; the dead and wind 
loads; or of the maximum snow load and the dead load being used in designing the members. 

Wind Loads.—The wind pressure, P, in pounds per square foot on a flat surface normal to 
the direction of the wind for any given velocity, V, in miles per hour is given quite accurately 
by the formula 

P = 0.004 V? (2) 


The pressure on other than flat surfaces may be taken in per cents of that given by formula 
(2) as follows: 80 per cent on a rectangular building; 67 per cent on the convex side of cylinders; 
115 to 130 per cent on the concave side of cylinders, channels and flat cups; and 130 to 170 per 
cent on the concave sides of spheres and deep cups. 

Recent German specifications for design of tall chimneys specify wind loads per square foot 
as follows: 26 lb. on rectangular chimneys; 67 per cent of 26 lb. on circular chimneys; and 71 
‘per cent of 26 lb. on octagonal chimneys. 

The official specifications for the design of steel framework in Prussia have recently been 
amplified in the matter of wind pressures. For the wind-bracing, as a whcle, the wind pressure 
on the whole building is to be taken as 17 lb. per sq. ft. For proportioning individual frame 
members, girts, studs, trusses, etc., a higher value of wind pressure must be assumed, viz., 28 to 
34 lb. per sq. ft. 

It would seem that 30 Ib. per square foot on the side and the normal component of a hori- 
zontal pressure of 30 Ib. on the roof would be sufficient for all except exposed locations. If the 
building is somewhat protected a horizontal pressure of 20 Ib. per square foot on the sides is 
certainly ample for heights less than, say 30 feet. 

Wind Pressure on Inclined Surfaces.—The wind is usually taken as acting horizontally 
and the normal component on inclined surfaces is calculated. 
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The normal component of the wind pressure on inclined surfaces has usually been computed 


by Hutton’s empirical formula 
Pr = P «sin Jp cos A—1 (3) 


where Pp equals the normal component of the wind pressure, P equals the pressure per square 
foot on a vertical surface, and A equals the angle of inclination of the surface with the horizontal, 
Fig. (2). 
The formula due to Duchemin -. 
2 sin 

ale meen (4) 
where P,, P and A are the same as in (3), gives results considerably larger for ordinary roofs 
than Hutton’s formula, and is coming into quite general use. 


The formula 
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where P, and P are the same as in (3) and (4), and A is the angle of inclination of the surface 
in degrees (A being equal to or less than 45°), gives results which agree very Closely with Hutton’s 
formula, and is much more simple. 

Hutton’s formula (3) is based on experiments which were very crude and probably erroneous. 
Duchemin’s formula (4) is based on very careful experiments and is now considered the most 
reliable formula in use. The Straight Line formula (5) agrees with experiments quite closely 
and is preferred by many engineers on account of its simplicity. 

The values of P, as determined by Hutton’s, Duchemin’s and the Straight Line formulas 
are given in Fig. 3, for P equals 20, 30 and 40 |b. 

It is interesting to note that Duchemin’s formula with P equals 30 pounds gives practically 
the same values for roofs of ordinary inclination as is given by Hutton’s and the Straight Line 
formulas with P equals 40 pounds. 
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Duchemin has also deduced the formula 
pis 2 sin? A_ 
ens coer re (6) 
where P;, in (6) equals the pressure parallel to the direction of the wind, Fig. 2; and 


2 sin A-cos A 
Dee Was + sin? A (7) 


where P; in (7) equals the pressure at right angles to the direction of the wind, Fig. 2. P; may. 
be an uplifting, a depressing or a side pressure. With an open shed in exposed positions the 
uplifting effect of the wind often requires attention. In that case the wind should be taken 
normal to the inner surface of the building on the leeward side, and the uplifting force determined 
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by using formula (7). If the gables are closed a deep cup is formed, and the normal pressure 
should be increased 30 to 70 per cent. 

That the uplifting force of the wind is often considerable in exposed localities is made evident 
by the fact that highway bridges are occasionally wrecked by the wind. 

The wind pressure is not a steady pressure, but varies in intensity, thus producing excessive 
vibrations which cause the structure to rock if the bracing is not rigid. The bracing in mill 
buildings should be designed for initial tension, so that the building will be rigid. Rigidity is 
of more importance than strength in mill buildings. 

Miscellaneous Loads.—Data on the weights of materials are given in Chapter II. The 
weights and other data for hand cranes are given in Table 133 and of electric cranes are given 
in Table 130, Part II. ! 

~ Minimum Loads.—For minimum loads to be calculated on roofs see § 27, “Specifications for 
Steel Frame Buildings” in the last part of this chapter. 

STRESSES IN ROOF TRUSSES AND MILL BUILDINGS.—For the calculation of the 
stresses in roof trusses and in the framework of steel frame mill buildings, see the author’s ‘‘ The 
Design of Steel Mill Buildings.” 


DESIGN OF STEEL MILL BUILDINGS. 


General Principles of Design.—The general dimensions and the outline of a mill building 
will be governed by local conditions and requirements. The questions of light, heat, venti- 
lation, foundations for machinery, handling of materials, future extensions, first cost and cost 
of maintenance should receive proper attention in designing the different classes of structures. 
One or two of the above items often determines the type and general design of the structure. 
Where real estate is high, the first cost, including the cost of both land and structure, causes 
the adoption in many cases of a multiple story building, while on the other hand where the site 
is not too expensive the single story shop or mill is usually preferred. In coal tipples and shaft 
houses the handling of materials is the prime object; in railway shops and factories turning out 
heavy machinery or a similar product, foundations for the machinery required, and convenience 
in handling materials are most important; while in many other classes of structures such as weaving 
sheds, textile mills, and factories which turn out a less bulky product with light machinery, and 
which employ a large‘number of men, the principal items to be considered in designing are light, 
heat, ventilation and ease of superintendence. 

Shops and factories are preferably located where transportation facilities are good, land is 
cheap and labor plentiful. Too much care cannot be used in the design of shops and factories 
for the reason that defects in design that cause inconvenience in handling materials and workmen, 
increased cost of operation and maintenance are permanent and cannot be removed. 

The best modern practice inclines toward single floor shops with as few dividing walls and 
partitions as possible. The advantages of this type over multiple story buildings are (1) the 
light is better, (2) ventilation is better, (3) buildings are more easily heated, (4) foundations for 
machinery are cheaper, (5) machinery being set directly on the ground causes no vibrations in 
the building, (6) floors are cheaper, (7) workmen are more directly under the eye of the superin- 
- tendent, (8) materials are more easily and cheaply handled, (9) buildings admit of indefinite 
extension in any direction, (10) the cost of construction is less, and (11) there is less danger from 
damage due to fire. 

The walls of shops and factories are made (1) of brick, stone, or concrete; (2) of brick, hollow 
tile or concrete curtain walls between steel columns; (3) of expanded metal and plaster curtain 
walls and glass; (4) of concrete slabs fastened to the steel frame; and (5) of corrugated steel fastened 
to the steel frame. 

The roof is commonly supported by. steel trusses and framework, and the roofing may be 
slate, tile, tar and gravel or other composition, tin or sheet steel, laid on board sheathing or on 
concrete slabs, tile or slate supported directly on the purlins, or corrugated steel supported on 
board sheathing or directly on the purlins. Where the slope of the roof is flat a first grade tar 
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and gravel roof, or some one of the patent composition roofs is used in preference to tin, and on a 
steep slope slate is commonly used in preference to tin or tile. Corrugated steel roofing is much 
used on boiler houses, smelters, forge shops, coal tipples, and similar structures. 

Floors in boiler houses, forge shops and in similar structures are generally made of cinders; 
in round houses brick floors on a gravel or concrete foundation are quite common; while in buildings 
where men have to work at machines the favorite floor is a wooden floor on a foundation of cinders, _ 
gravel, or tar concrete. Where concrete is used for the foundation of a wooden floor it should be 
either a tar or an asphalt concrete, or a layer of tar should be put on top of the cement concrete 
to prevent decay. Concrete or cement floors are used in many cases with good results, but 
they are not satisfactory where men have to stand at benches or machines. Wooden racks on 
cement floors remove the above objection somewhat. Where rough work is done, the upper or 
wearing surface of wooden floors is often made of yellow pine or oak plank, while in the better 
classes of structures, the top layer is commonly made of maple. For upper floors some one of 
the common types of fireproof floors, or as is more common a héavy plank floor supported on 
beams may be used. . 

Care should be used to obtain an ample amount of light in buildings in which men are to 
work. It is now the common practice to make as much of the roof and side walls of a trans- 
parent or translucent material as practicable; in many cases fifty per cent of the roof surface is 
made of glass, while skylights equal to twenty-five to thirty per cent of the roof surface are very 
common. Direct sunlight causes a glare, and is also objectionable in the summer on account of 
the heat. Where windows and skylights are directly exposed to the sunlight they may best be 
curtained with white muslin cloth which admits much of the light and shades perfectly. The 
“saw tooth” type of roof with the shorter and glazed tooth facing the north, gives the best light ' 
and is now coming into quite general use. 

Plane glass, wire glass, factory ribbed glass, and translucent fabric are used for glazing 
windows and skylights. Factory ribbed glass should be placed with the ribs vertical for the 
reason that with the ribs horizontal, the glass emits a glare which is very trying on the eyes: of 
the workmen. Wire netting should always be stretched under skylights to prevent the broken ~ 
glass from falling down, where wire glass is not used. 

Heating in large buildings is generally done by the hot blast system in which fans draw the 
air across heated coils, which are heated by exhaust steam, and the heated air is conveyed by 
ducts suspended from the roof or placed under the grqund. In smaller buildings, direct radiation 
from steam or hot water pipes is commonly used. 

The proper unit stresses, minimum size of sections and thickness of metal will dagen upon 
whether the building is to be permanent or temporary, and upon whether or not the metal is 
liable to be subjected to the action of corrosive gases. For permanent buildings the author 


would recommend 16,000 Ib. per square inch for allowable tensile, and 16,000 — woe Ib. per 
6 


square inch for allowable compressive stress for direct dead, snow and wind stresses in trusses 
and columns; / being the center to center length and 7 the radius of gyration of the member, 
both in inches. For wind bracing and flexural stresses in columns due to wind, add 25 per cent 
to the allowable stresses for dead, snow and wind loads. For temporary structures the above 
allowable stresses may be increased 20 to 25 per cent. 

The minimum size of angles should be 2”” X 2’” & 1’’, and the minimum thickness of plates 
z in., for both permanent and temporary structures. Where the metal will be subjected to 
corrosive gases as in smelters and train sheds, the allowable stresses should be decreased 20 to 25 
per cent, and the minimum thickness of metal increased 25 per cent, unless the metal is fully 
protected by an acid-proof coating (at present the best paints do little more in any case than 
delay and retard the corrosion). 

The minimum thickness of corrugated steel should be No. 20 gage for the roof and No. 22 
for the sides; where there is certain to be no corrosion Nos. 22 and 24 may be used for the roof 
and sides respectively. 
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Steel Frame Mill Buildings.—The framework of a steel frame mill building consists of a 
series of transverse bents, which carry the purlins on the tops of the trusses, and girts on the 
sides of the columns to carry the covering, Fig. 4. The framework is braced by diagonal bracing 
in the planes of the roof and the sides of the building, and in the plane of the lower chords. A 
transverse bent consists of a roof truss supported at the ends on columns and is braced against 
endwise movement by means of knee braces. The framing plan for a steel frame mill building 
is shown in Fig. 4. Steel mill buildings are also made with end trusses in place of the end framing 


shown in Fig. 4. 
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Fic. 4. FRAMEWORK FOR A STEEL MILL BUILDING. 
Types of Roof Trusses.—Several types of roof trusses are shown in Fig. 5. These trusses 
have been subdivided so that the purlins will come at the panel points, and will not have a spacing 
greater than 4 ft. 9 in., the greatest spacing allowed for corrugated steel roofing when laid without 


_ sheathing. The Fink trusses shown in (a) to (g) are commonly used in steel frame buildings 


and are very economical. The other types of trusses need no explanation. 

Different methods of lighting and ventilating buildings through the roof are shown in Fig. 6. 

Saw Tooth Roofs.—The common type of saw tooth roof is shown in (m) Fig. 6. The glazed 
leg faces the north and permits only indirect light to enter the building, thus doing away with 
the glare and varying intensity of light in buildings where direct sunlight enters. In cold climates 
the snow drifts the gutters nearly full and causes loss of light and also leakage from the over- 
flowing gutters. The modified saw tooth roof shown in () was designed by the author, to obviate 
the defects in the common type of saw-tooth roof. The modified saw tooth roof permits the 
use of a greater span and more economical pitch than the common form shown in (m). 

Transverse Bents.—A number of the common forms of transverse bents are shown in Fig. 7. 
Transverse bents (a), (b), (d), and (h) are used for boiler houses, shops, etc., while (c), (e), (fy 
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TYPES OF ROOF TRUSSES. 
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and (g) are used for shops or buildings where the main part of the building is required to be covered 
by a crane and side sheds are used for lighter work. 

Roof Arches.—Roof arches are used where a large clear floor space is required as in coliseums, 
exposition buildings and train sheds, Fig. 8. The arches are braced in pairs and carry the roof 
covering. Arches may have one, two or three hinges, or may be made without hinges. Three-— 
hinged arches are statically determinate structures, while the stresses in all other arches are 
statically indeterminate. Arches without hinges are used for domes. Three-hinged roof arches 
have been commonly used in America, although the two-hinged roof arch is more economical- 
and has many advantages. Arches may have a horizontal tie as in the Chicago Stock Pavilion 
and the Government Building, or the horizontal reactions may be carried by the foundations 
as in the St. Louis Coliseum, Fig. 8. For the calculation of the stresses in three-hinged and two- 
hinged roof arches, see the author’s ‘The Design of Steel Mill Buildings.” 

Pitch of Roof.—The pitch of a roof is given in terms of the center height divided by the span; 
for example a 60-ft. span truss with ¢ pitch will have a center height of 15 ft. The minimum 
pitch allowable in a roof will depend upon the character of the roof covering, and upon the kind 
of sheathing used. For corrugated steel laid directly on purlins, the pitch should preferably be 
not less than + (6 in. in 12 in.), and the minimum pitch, unless the joints are cemented, not less 
than 4. Slate and tile should not be used on a less slope than { and preferably not less than 4. 
The lap of the slate and tile should be greater for the less pitch. Gravel, should never be used 
on a roof with a greater pitch than about 3, and even then the composition is very liable to run. 
Asphalt is inclined to run and should not be used on a roof with a pitch of more than, say, 2 in. 
to the foot. If the laps are carefully made and cemented a gravel and tar or asphalt roof may be 
practically flat; a pitch of ¢ to I in. to the foot is, however, usually preferred. Tin may be used. 
on a roof of any slope if ae joints are properly soldered. Most of the patent composition roofings 
give better satisfaction if laid on a roof with a pitch of $ to 3. Shingles should not be used on a 
roof with a pitch less than 4, and preferably the pitch should be § to $. 

Pitch of Truss.—There is very little difference in the weight of Fink trusses with horizontal 
bottom chords, in which the top chord has a pitch of $, 4, or 3. The difference in weight is quite 
noticeable, however, when the lower chord is cambered; the truss with the 3 pitch being then 
more economical than either the $ or the } pitch. Cambering the lower chord of a truss more 
than, say, 1-40 of the span adds considerable to the weight. For example the computed weights 
of a 60-ft. Fink truss with a horizontal lower chord, and a 60-ft. Fink truss with a camber of 3 ft. 
in the lower chord, showed that the cambered truss weighed 40 per cent more for the 4 pitch and 
15 per cent more for the 3 pitch, than the truss having the same pitch with hotisoatal lower 
chord. It is, however, cdmsbte for appearance sake to put a slight camber in the bottom chords 
of roof trusses, for the reason that to the eye a horizontal lower chord will appear to sag if viewed 
from one side. 

In deciding on the proper pitch, it should Be noted that while the 3 pitch gives a better slope 
and has a less snow load than a roof with } or % pitch, it has a greater wind load and more roof 
surface. Taking all things into si deraribut % pitch is probably the most economical pitch for a 
roof. A roof with 3 pitch is, however, very nearly as economical, and should preferably be used 
where corrugated Seal roofing is used without sheathing, and where the snow load is large. 

Spacing of Trusses and Transverse Bents.—The weight of trusses and columns per square 
foot of area decreases as the spacing increases, while the weight of the purlins and girts per square 
foot of area increases as the spacing increases. The economic spacing of the trusses is a function 
of the weight per square foot of floor area of the truss, the purlins, the side girts and the columns, 
and also of the relative cost of each kind of material. For any given conditions the spacing 
which makes the sum of these quantities a minimum will be the economic spacing. It is desirable 
to use simple rolled sections for purlins and girts, and under these conditions the economic spacing 
will usually be between 16 and 25 ft. The smaller value being about right for spans up to, say, 
60-ft., designed for moderate loads, while the greater value is about right for long spans, designed 
for heavy loads. 
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Calculations of a series of simple Fink trusses resting on walls and having a uniform span 
of 60 ft. and different spacings gave the least weight per square foot of horizontal projection of 
the roof for a spacing of 18 ft., and the least weight of trusses and purlins combined for a spacing 
of 10 ft. The weight of trusses per square foot was, however, more for the 10-ft. spacing than 
for the 18-ft. spacing, so that the actual cost of the steel in the roof was a minimum for a spacing 
of about 16 ft.; the shop cost of the trusses per lb. being several times that of the purlins. Local 
conditions and requirements usually control the spacing of the trusses so that it is not necessary 
that we know the economic spacing very definitely. 

For long spans the economic spacing can be increased by using rafters supported on heavy 
purlins, placed at greater distances than would be required if the roof were carried directly by the 
purlins. This method is frequently used in the design of train sheds and roofs of buildings where 
plank sheathing is used to support slate or tile coverings, or where the tiles are supported by 
angle sub-purlins spaced close together as shown in Fig. 13. 


Truss Details.—Riveted trusses are commonly used for mill buildings and similar structures. 
For ordinary loads the chord sections are commonly made of two angles, Fig. 10. For heavy 
loads the chords may be made of two channels, Fig. 12. Where the purlins are not placed at the 
panel points the upper chord must be designed for flexure as well as for direct stress. Two angles 
with a vertical plate make an excellent section where the chord must take both direct and flexural 
stress. Trusses supported on masonry walls should have one end supported on sliding plates 
for spans up to 70 ft., for greater lengths of span rollers or a rocker should be used. Shop drawings 
of a steel roof truss are given in Fig. 10. Details of the end connections of trusses resting on walls 
and fastened to columns are given in Fig. 11. Details of truss joints are given in Fig. 11. Wher- 
ever possible, truss joints should be so designed that the joint will not be eccentric. 


Details of Roof Framing.—Roof trusses and transverse bents should be braced transversely 
with vertical framework and bracing to give the roof framing lateral stability. The bracing may 
be placed in the center line of the building as in Fig. 12, or at the quarter points as in Fig. 4; 
long span trusses should be braced at both the center and the quarter points. Details of roof 
framing giving methods of bracing roof trusses and transverse bents are given in Fig. 4, Fig. 41, 
and Fig. 42. 

Details of a roof truss and roof framing to carry a Ludowici tile roof without sheathing, are 
shown in Fig. 13. The tiles are carried on sub-purlins, the sub-purlins are supported by rafters, 
which are in turn supported by the purlins. 

Columns.—The common forms of columns used in mill buildings are shown in Fig. 14. For 
side columns with light loads column (g) composed of four angles laced is very satisfactory, while 
for side columns that take bending and heavy loads column (f) composed of four angles and a 
plate is the most satisfactory column. Columns (a), (0), (c), (d), (e) and (j) are used to carry 
heavy loads. The I beam and the angle columns are used for end and corner columns, respec- 
tively. Details of a four angle laced column and a four angle and plate column are shown in 
Fig. 15. Details of a heavy column and a light column made of two channels laced are shown 
in Fig. 16. 

CORRUGATED STEEL.—Corrugated steel is rolled to U. S. standard gage. The weights 
of flat steel and corrugated steel for different gages and thickness are given in Table I. Corru- 
gated siding and roofing is rolled as shown in Fig. 17. The special corrugated steel in (b) Fig. 17 
is commonly used for roofing, and the corrugated steel in (c) is used for siding. 

The standard stock lengths vary by single feet from 4 ft. to 10 ft. Sheets can be obtained 
as long as 12 ft., but are special and cost 5 per cent extra and will delay the order. 

The purlins for corrugated steel without sheathing should be spaced for a load of 30 Ib. per 
sq. ft. on the roof; and the girts for 25 Ib. per sq. ft. on the sides, as given in Fig. 18. 

The details of corrugated steel as given in Fig. 19 are standard with the McClintic-Marshall 
Construction Company and the American Bridge Company. 


Cuap. I. 


STEEL ROOF TRUSSES AND MILL BUILDINGS. 


16 


“SsOuy, TAHLG GALAATY V dO STIVIAG ‘OI ‘DIY 


y er SO GL OL ROU OS 


1 “ 


JMoss0llad 


evi Ap) “Uw 
==; P0j0-—- 


cf 


ats 


SELTA 17 


alayl 


eOil “A 


“ 


ree ee eg ogee 
tte 


igo ced” 
14 pov ae 


ae 
- e 


i 


pa esterase ——" : x = = 4 
} } CIRC ag Daa ents IL Fb MsFx0 lI MOO ide \ 
aed yan CL es I \ ge 
uf vl 08 yf a é \ Gp Ni * 

: ' ve iz " 
es : we NOG LAN 
H H Go : aie \ 
ae > LS tee 
eatin Ne Ge eee 
ret NY 9 et 

a RG on 

oat AS a 
ewe 

nhceate SG | ARN TOW soem ano inf seencdano 

ees 

oe —— 

oe 


TRUSS DETAILS, - 


(e) Rocker 
EXPANSION ENDS 


Skies ens 
FOO BOON 


OSs 
“ 
' OQ 


DETAILS OF ROOF TRUSS CONNECTIONS 


Fic. 11. Derraits or Truss CONNECTIONS AND JOINTS. 
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Fastenings for Corrugated Sheeting.—Corrugated steel is fastened to purlins and girts usually 
by the following fasteners. 

Straps.—These are made of No. 18 U. S. gage steel, $ of an in. wide. These straps pass 
around the purlins and are riveted to the sheets at both ends by 7’’ diameter rivets, 3 in. long; 
or, they may be fastened by bolts. Order one strap and two rivets, or bolts, for each lineal foot 
of girt or purlin, to which the corrugated steel is to be fastened, and add 20 per cent to the number 
_ of rivets for waste, and Io per cent to the straps or the bolts. One thousand rivets will weigh 
 @1b.; one bundle of hoop steel will weigh 50 lb. and contains 400 lineal feet. 
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Fic. 14. TYPES OF COLUMNS FOR STEEL MILL BUILDINGS. 


Clinch Rivets or Nails.—These are special rivets or nails made of No. 9 Birmingham gage 
wire, which clinch around the edge of the angle iron or channel and are used for fastening the steel 


sheathing to steel purlins or girts. They are of the lengths shown on page 24. 


STEEL ROOF TRUSSES AND MILL BUILDINGS. CHapP. La 


20 


1 


Ne eee MU GS Gas eae a ee memes ak Bh 3/6 oat Paes 


~ Center Roof Truss” 


ris # 
: Ud, 5 


H 
' pF UL yVIE 


SES 
oe Ne Rise 
SEPARA ah SS 
RLS -E EER ED eS ane 
SSS SS SSS SESS Ee NIN TS IS i 
i SS ax x OO NE 
N Bo SYN 
RS x wo SX “ss 
NS SEES 2X . 
BN Ste ~ x. 
a Ag Duy x SS 
LS z So Nes oe Ne 
sie bee a ie aa esi 
m4 = BLE IV IE BUS ; 
CR SRE CEE ol SS A EE EE 
_\ = a t 
eee noe . 223 ate <! 
: “ ‘ld 92M 
Pikt+19-o-€ of 6 $1 6 OS SSS SS 


beng tee Spe \ eg a aca mEaall iatan tomas iavasve: Oe Py fasuies amie = ake ae mse cae 
Ze gs 
Ns AGS 
ee 
> 
Ve 
2 L101 249-Yse 
S < ve S 
eM ee Be eal isla eee Sia aa puna Fi eo eel ae —y- 
iB x O P110 Q7 7100 B/}_ PVE F-F Z 
si a ae 20H). BU H-og7 HF SEI NWMO9 JO NOTE 
‘U | Woe ee Dad | 
se Ne ld AEORXY «ee, adit, © GEA 
a en ae - ~ ase duifbg sy jerajey © He on a9 
ogee Sch Met pire. GP Se Lifer dsorp-- pag te 
ROT ct : al a! 
: SSN GEM (2079 Fox Ex EG Busoe7 Sy 
Ss a ih at eee TNE TEE : 
Ge Oo pe mi Hera ects Ee ORR EM OE GE DD VE — : 2 nae 
iG LTE 5 OD te CMO. mates LU YI 
ee ite SLL teh ee “4 
Aiyl_ = ae { WN Ge : vA y ‘ u / f wna 
ROME oe 7 saeeemmemmaeeer:) weeaery fae eee 
MODESIOT “FREES 
IR HOT 
ele 
Ry l7 S 
ee 


ry 


DETAILS OF Mitt BuILDING CoLuMNS. 


Fic. 15. 


21 


MILL BUILDING COLUMNS. 
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Order two rivets to each lineal foot of purlin or girt to which the corrugated steel is to be 
= 


fastened and add Io per cent for waste. 
Clips and Bolts ——These are used for fastening corrugated steel to steel purlins or girts. Clips 


are made of No. 16, 13 in. steel, about 23 in. long, and are slightly crimped at one erid, to go over 
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Fic. 17. DETAILS OF CORRUGATED STEEL. 


E2 Shor 
W= ig 2 
W= Total safe load. 
5= Werking Stress=/2000 /bs. 
h=Depth of corrugation, ins. 
b=Width of sheet,ins. 
t=Thickness of sheet, ins.. 
2*Clear span, ins. 


Safe Load, in lbs.per sq. ft. 


Span,L, in ft 


Fic. 18. SAFE LOADS FOR CORRUGATED STEEL. 
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the flange of the purlin. The bolts are of the same diameter, and have the same head as the clinch 
rivets, except that they are supplied with threads and nut, and are about 1 in. long. These clips 
and bolts should not be used excepting in special cases, where the regular fastenings cannot be 
easily applied. 

If side laps of rooting are to be 
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Fiasnine ~ usually made seme gage as siding, can be obtained in Following 
Ne Wee. 48'lta" $220 = 48% 120" N922.N924- 448/70" 
216, N18 = 48%, 220 = x “Lb, Nei = 4a - : 
WEN T= 408120" N28 = 40% 96" Order sheetsin 80 lengths Le” 
Standad Corrugated Roofing and Siding can be obtained 48°* 132"varying — low 2 0 7s for waste 
by 6* Corrugations approximately 23% $"s 
Fic. 19. STANDARD DETAILS FOR CORRUGATED STEEL. 
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TABLE OF CLINCH NAILS. 
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In cases where flashing, cornice work, and several thicknesses of metal are to be fastened at 
one point, rivets or bolts, other than standard lengths given will be needed. Closing rivets 3 in. 
long and bolts 13 in. long will usually answer in these cases. : 

If side laps,of corrugated steel are to be riveted, rivets should be ordered, one for each lineal - 
foot of side lap, plus 20 per cent for waste. } 

If corrugated steel is to be fastened to wooden purlins or timber sheathing, order 8d barbed 
nails for roofing and for siding. These nails should be spaced one foot apart, for both end and side 
laps; add 20 per cent for waste. Ninety-six 8d barbed nails weigh 1 lb. 

Corrugated steel for roofing should be laid with two corrugations side lap if standard or 1} 
corrugations side lap if special, and 6 in. end lap. Corrugated steel for siding should have one 
corrugation side lap and 4 in. end lap. 

Louvres.— Weights of Shiffier louvres of black iron or steel are as follows: 


Gage No. Weight per Square Feet. 
20 2.7 \b: 
22 2.0 lb. 


The weight is obtained from Fig. 20, as follows: 
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Fic. 20. LouyRres. 


Louvres are estimated in square feet = 2h X length. 

To get weight multiply area by (1.7 X weight per sq. ft. of flat of material used). 

Ridge Roll.—Ridge roll is ordinarily of same gage as roofing and black or galvanized to cor- 
respond with same. Ridge roll is usually made from an 18 in. flat sheet. 


WEIGHT OF RIDGE ROLL. 


Gage No. Weight, lb. per lineal ft. 


20 


2.4 
22 2.0 ¢ Black Iron or Steel. 
24 1.6 
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PABIOE 1s 
CORRUGATED SHEETS. AMERICAN SHEET AND TIN PLATE CoMPANY STANDARD. 


“DESCRIPTION OF CORRUGATED SHEETS AREAS OF CORRUGATED SHEETS 


Corrugations Width, Inches Sq. Ft. in 1 Sheet Sheets in 100 Sq. Ft. 


Width, Inches Corrugations Corrugations 


pees: See || “Depth; 
5 | Approx. 
Nominal | Actual Inches 


Sheet, Inches 


” " 
5’ 3 ah | ra, a” 5/7 Her r4/’, $7 


11.67 | 10.83 |)10.42 | 8-57 | -9:23, | 19:60 

14.00 | 13.00 | 12.50 | 7.14 | 7.69 | 8.00 
10 16.33 | 15.17 | 14.58 | 6.12 | 6.59 | 6.86 
II 18.67 | 17.33 | 16:67 | 5.36 |28-77 "|| 6.00 
20 20,00 I§EO.5Os 08275) | As76 5.13) «185233 
26 23.33 | 21.67 | 20.83 | 4.29.| 4.62 | 4.80 
Standard lengths 5, 6, 7, 8, 9 and 10 feet. Max- 28.00 | 26.00 | 25.00 3-85 | 4.00 
imum length, 12 feet for 5’ to 13” corrugation. 
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CoRRUGATED SHEETS.—Painted. 
Weights in Pounds per 100 Square Feet. 


Thickness, U. S. Standard Gage and Decimals of an Inch 


16 18 "| 20 21 22 23 24 
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271 Age Nise: LS OMe DsOne ale 110 
D7 ieee 7a eto. ToteO. | r36 =|. 123 IIO 
271 wal 27 a Nel? HS OME T ZO 28 110 
271 217 163 150 136 123 110 
Bae ee | nk 70) 156 142 128 114 
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CORRUGATED SHEETS.—Galvanized. 
Weights in Pounds per 100 Square Feet. 


Thickness, U. S. Standard Gage and Decimals of an Inch 


16 . 20 21 24 25 
L063)" AOE || CORY her .028 | .025 


286 C7 Se etOs 138 | 124 

286 178 165 138 124) ener 

286 178 165 138 Wa | ii! 

286 178 165 138 pie | hi 
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The weights per 100 square feet given in preceding tables do not include allowances for end 
or side laps. The following table gives the approximate number of square feet of sheeting neces- 
sary to cover an area of 100 square feet and is based on sheets of standard width, 96 inches long. 
'If longer or shorter sheets are used, the number of square feet required will vary accordingly. 


SQUARE FEET OF CORRUGATED SHEETS TO COVER 100 SQUARE FEET. 


End Lap, Inches 


Side Lap 


1 Corrugation 
134 ce 


2 “ec 
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Gutters.—Eave or valley gutters should always be galvanized. Valley gutters should be 
No. 20 gage. Eave gutters and conductors should be No. 22 gage. Gutters should be sloped not 
less than I in. in 15 ft. 


WEIGHTS OF EAVE GUTTERS AND ConpuUCTORS OF GALY. IRON OR STEEL. 


: Size and Spacing Wt. per lin. ft. 
Span of Roof. Size of Gutter. Wt. per ft. GE Condustor. Noo os 


up to 50’ 6”, No. 22 1.8 lb. 


4 in. every 40’ 0” 1.5 lb: 
5 in. every 40’ 0” 25 bs 
5 in. every 40’ 0” 


50’ to 70’ WEA INO. 22 1.9 lb. 
70! to 100’ 8’’, No. 22 2.1 |b. 


Details of conductors and downspouts are given in Fig. 21. 


Adjustable 
dull hanger every 
97--4{\il| 4 feel: 

| Adjustable hanger 


every B Feel for 
N22 and N23 


N23 


oy. Eave and Valley Gutters 
Type| Drained | ‘om: usually N220 or same gage 


35 roofing: 


Slope one inch in fifteen 
Feet. 


Order in & Feel lengths: 
Conductors usually N&LL 
or same gage 3s siding: 


N23 | 3600 to4800\ 5’x 10" 


Fic. 21. DETAILS OF CONDUCTORS AND DOWNSPOUTS. 


AMERICAN BRIDGE COMPANY. 


Purlins.—Details of connections for purlins used for a corrugated steel roof are given in Fig. 
Dor 


Cornice.—For details of cornice see the author’s ‘‘ The Design of Steel Mill Buildings.” 

ROOF COVERINGS.—Mill buildings are covered with corrugated steel supported directly 
on the purlins; by slate, tile or cement tile supported by sub-purlins; or by corrugated steel, 
slate, tile, cement tile, shingles, gravel or other composition roof, or some one of the various pat- 
ented roofings supported on sheathing. The sheathing is commonly made of a single thickness 


PURLIN DETAILS FOR CORRUGATED STEEL ROOF. 
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Purlins or girts should extend, where possible, over two or more bays with points 
staggered Where purlins act as struts, use clip with four holes 
Where purlins are punched For nailing strips, space holes sbout 30" spark + Balt 
purlins to chs and clips to trusses unless otherwise specified 
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of planks, 1 to 3 inches thick. The planks are sometimes laid in two thicknesses with a layer of 
lime mortar between the layers as a protection against fire. In fireproof buildings the sheathing 
is commonly made of reinforced concrete. Concrete slabs are sometimes used for a roof covering, 
being in that case supported directly by the purlins, and sometimes as a sheathing for a slate or 
tile roof. 

The roofs of smelters, foundries, steel mills, mine structures and similar structures are com- 
monly covered with corrugated steel. Where the buildings are to be heated or where a more 
substantial roof covering is desired slate, tile, tin or a good grade of composition roofing is used, 
or the roof is made of reinforced concrete. For very cheap and for temporary roofs a cheap com- 
position roofing is commonly used. The following coverings will be described in the order given; 
corrugated steel, slate, tile, tin, and tar and gravel. A slate roof on reinforced concrete sheath- 
ing is shown in Fig. 45 and in Fig. 46. 

CORRUGATED STEEL ROOFING.—Corrugated steel roofing is laid on plank sheathing or 
is supported directly on the purlins. Corrugated steel roofing should be kept well painted with a 
good paint. Where the roofing is exposed to the action of corrosive gases as in the roof of a smelter 
reducing sulphur ores, ordinary red lead or iron oxide paint is practically worthless as a protective 
coating; better results being obtained with graphite and asphalt paints. Tar paint, made by 
mixing tar, Portland cement and kerosene in the proportions of 16 parts of tar, 4 parts of Portland 
cement, and 3 parts of kerosene, by volume, is an excellent protection against corrosive gases in 
smelters and similar structures. Galvanized corrugated steel is quite extensively used. To pre- 
vent the condensation of vapor on the inside of the metal roof, corrugated steel roofing should 
be laid on sheathing or should have anti-condensation lining. 

Corrugated steel sheets covered with an asbestos preparation can now be obtained on the 
market. 

Anti-Condensation Lining.—Anti-condensation lining, shown in Fig. 23, consists of asbestos 
felt supported on wire netting that is stretched tight and supported by the purlins. Anti-con- 
densation lining is put on according to two systems. 


Berlin System, (5) Fig. 23.—(1) Lay galvanized wire netting, No. 19, 2-in. mesh, trans- 
versely to the pnrlins with edges about 14 in. apart so that when laced together with No. 20 brass 
wire the netting will be stretched smooth and tight. When the purlins are spaced more than 4 ft. 
apart stretch No. 9 galvanized wire across the purlins about 2 ft. centers to hold up the netting. 

(2) On the top of the wire netting place a layer of asbestos paper weighing 14 lb. per square 
of 100 sq. ft., and on this place a layer of asbestos paper weighing 6 lb. per square. All holes in 
the paper must be patched when laid. 

(3) On top of the asbestos paper lay two thicknesses of Neponset building paper. 

Note.—The asbestos and building paper should lap 3 in. and break joints 12 in. The corru- 
gated steel is fastened with the usual connections. Use tin washers on corrugated steel bolts 
where there is danger of breaking or tearing the lining. 

Wire netting, No. 19 gage, 2-in. mesh comes in bundles 6 ft. wide and 150 ft. long, containing 
g00 sq. ft. Asbestos comes in rolls’ 36 in. wide and is sold by the pound. No. 20 brass wire is 
bought by the pound, 272 lineal ft. weigh one pound. Neponset building paper comes in rolls 
36 in. wide and 250 ft. or 500 ft. long. Do not cut a roll. Add 10 per cent for laps of asbestos 
and building paper. 

Minneapolis System, (6) Fig. 23.—(1) Lay wire netting, No. 19, 2-in. mesh, transversely to 
the purlins, with edges 13 in. apart, so that when laced together with No. 20 brass wire the netting 
will be stretched smooth and tight. 

(2) On the top of the netting lay asbestos paper weighing 30 Ib. to the square of 100 sq. ft., 
allowing 3 in. for laps. For important work lay one or two thicknesses of building paper on top 
of the asbestos. 

(3) Lay the corrugated steel and fasten to purlins in the usual manner. 

Note.—lf wood purlins are used the wire netting may be fastened to the nailing strips with 
2in. staples. Where the purlins are more than 2 ft. 6 in. centers place a line of 33; in. bolts between 
purlins, about 2 ft. centers, with washers I in. X 4 in. X § in. to prevent netting from sagging. 


SLATE ROOFING.—Roofing slates are usually made from § to } inches thick; 8, inch 
being a very common thickness. Slates vary in size from 6 in. X 12 in. to 24 in. X 44 in.; the 
sizes varying from 6 in. X 12 in. to 12 in. X 18 in. being the most common. 
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Fic. 23. DETAILS OF ROOFING, VENTILATORS AND ANTI-CONDENSATION LINING. 
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Slates are laid like shingles as shown in Fig. 23. The lap most commonly used is 3 inches; 
where less than the minimum pitch of } is used the lap should be increased. The number of slates 
of different sizes required for one square of 100 sq. ft. of roof for a 3-in. lap are given in Table II: 
The weight of slates of the various lengths and thicknesses required for one square of roofing, 
using a 3-in. lap is given in Table III. The weight of slate is about 174 lb. per cu. ft. The weight 
of slate per superficial sq. ft. for different thicknesses is given in Table IV. 


TABLE II, 
NUMBER OF ROOFING SLATES REQUIRED TO Lay ONE SQUARE of RooF wiTH 3-IN. LAP. 


No. of Slate in Size in Inches: No. of Slate in Size in Inches. No. of Slate in 
Square. Square. Square. 


Size in Inches. 


6 X 12 533 8 xX 16 277 12 X 20 I4I 
Feral, 457 9 X 16 246 14 X 20 
8 X 12 400 10 X 16 221 = Aes we 
9 X 12 355 12)<16 184 12 e722 


TOOX< 12 320 9 X 18 213 14 X 22 
12 X 12 266 10 X 18 192 12 X 24 
7X 14 374 11 X 18 174 14 X 24 
8X 14 327 12 X 18 160 16 X 24 


9X 14 291 14 X 18 137 14 X 26 
10 X 14 261 10 20 169 16 X 26 
12 X 14 218 II X 20 154 won hoe regen eg eon 


TABLE III. 
THE WEIGHT OF SLATE REQUIRED FOR ONE SQUARE OF ROOF. 
Weight in pounds, per square, for the thickness. 


Length in. 
Inches. 1 ay 
2 


1936 
1842 
1784 
1740 


1704 
1675 
1653 
1631 


TABLE IV. 
WEIGHT OF SLATE PER SQUARE Foot. 


Thickness—in........ 


Weight—Ibs 2 2: « 


The minimum pitch recommended for a slate roof is 4; but even with steeper slopes the rain 
and snow may be driven under the edges of the slates by the wind. This can be prevented by 


laying the slates in slater’s cement. Cemented joints should always be used around eaves, ridges : 


and chimneys. 
Slates are commonly laid on plank sheathing. The sheathing should be strong enough to 


prevent deflections that will break the slate, and should be tongued or grooved, or shiplapped, and 
dressed on the upper surface. Concrete sheathing reinforced with wire mesh, expanded metal 
or rods is now being used quite extensively for slate and tile roofs, apd makes a fireproof roof, see 
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Fig. 46. Tar roofing felt laid between the slates and the sheathing assists materially in making 
the roof waterproof, and prevents breakage when the roof is walked on. The use of rubber-soled 
shoes by the workmen will materially reduce the breakage caused by walking on the roof. Roof- 
ing slates may also be supported directly on sub-purlins. The details of this method are practically 
the same as for tile roofing, which see. 

When roofing slates are laid on sheathing they are fastened by two nails, one in each upper 
corner, Fig. 23. When supported directly on sub-purlins the slates are fastened by copper or 
composition wire. Galvanized and tinnedsteel nails, copper, composition and zinc slate roofing 
nails are used. Where the roof is to be exposed to corrosive gases copper, composition or zinc 
nails should be used. 

TILE ROOFING.—Baked clay or terra-cotta roofing tiles are made in many forms and 
sizes. Plain roofing tiles are usually 10} in. long, 6} in. wide and § in. thick; weigh from 2 to 
23 lb. each and lay one-half to the weather. There are many other forms of tile among which 
book tile, Spanish tile, pan tile and Ludowici tile are well known. Tiles are also made of glass 
and are used in the place of skylights. 

Tiles may be laid (1) on plank sheathing, (2) on reinforced concrete sheathing, or (3) may be 
supported directly on angle sub-purlins as shown in Fig. 13. Tiles are laid on sheathing in the 
same manner as slates. 

The roof shown in Fig. 13 was constructed as follows: Terra-cotta tiles, manufactured by 
the Ludowici Roofing Tile Co., Chicago, IIl., were laid directly on the angle sub-purlins, every 
fourth tile being secured to the angle sub-purlins by a piece of copper wire. The tiles were inter- 
locking, requiring no cement except in exceptional cases. The tiles were 9 X 16 in. in size; 135 
being sufficient to lay a square of 100 sq. ft. of roof. These tiles weigh from 750 to 800 Ib. per 
square, and cost about $6.00 per square at the factory. Skylights in this roof were made by 
substituting glass tiles for the terra-cotta tiles. This and similar tile have been used in this man- 
ner on a large number of mills and train sheds with excellent results. 

Tile roofs laid without sheathing do not ordinarily condense the steam on the inner surface 
of the roof unless the tiles are glazed, although several cases have been brought to the author’s 
attention where the condensation has caused trouble with tile roofs made of porous tiles. Anti- 
condensation roof lining should be used where there is danger of excessive sweating, or a porous 
tile should be used that is known to be non-sweating. 

TIN ROOFING.—Two sizes of tin plates are in common use, I4 in. X 20 in. and 20 in. X 28 
in., the latter size being most used. Tin sheets are made in several thicknesses, the IC, or No. 29 
gage weighing 8 ounces to the sq. ft., and the IX, or No. 27 gage weighing 10 ounces to the sq. ft., 
being the most used. The standard weight of a box of 112 sheets, 14 X 20 size is 108 lb. for IC 
plate, and 136 lb. for IX plate. Boxes containing imperfect sheets or ‘‘ wasters’’ are marked 
ICW or IXW. Every sheet should be stamped with the name of the brand and the thickness. 
The value of tin roofing depends upon the amount of tin used in coating and the uniformity with, 
which the iron has been coated. The amount of tin used varies from 8 to 47 lb. for a box of 20 X 28 
size containing 112 sheets. 

Tin roofing is laid (1) with a flat seam, or (2) with a standing seam. In the former method 
the sheets of tin are locked into each other at the edges, the seam is flattened and fastened with 
tin cleats or is nailed firmly and is soldered water tight. Rosin is the best flux for soldering, al- 
though some tinners recommend the use of diluted chloride of zinc. For flat roofs the tin should 
be locked and soldered at all joints, and should be secured by tin cleats and not by nails. For 
steep roofs the tin is commonly put on with standing seams, not soldered, running with the pitch 
of the roof, and with cross-seams double locked and soldered. One or two layers of tar paper 
should be placed between the sheathing and the tin. 

The under side of the sheets should be painted before laying. ‘Tin roofs should be painted 
every two or three years. If kept well painted a tin roof should last 25 to 30 years. 

For flat seam roofing, using 4 in. locks, a box of 14 X 20 tin will cover 192 sq. ft., and for 
standing seam, using # in. locks and turning 17 and 1% in. edges, making I in. standing seams, 
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it will lay 168 sq. ft. For flat seam roofing, using 3 in. locks, a box of 20 X 28 tin will lay about 
399 sq. ft., and for standing seam, using ? in. locks and turning 1% and 13 in. edges, making I in. 
standing seams, it will lay about 365 sq. ft. 4 
TAR AND GRAVEL ROOF.—Tar and gravel roofs are called three-, four-, five-ply, etc., 
depending upon the number of layers of roofing felt. Tar and gravel roofs may be laid upon timber ~ 
sheathing or upon concrete slabs. For details of a tar and gravel roof see Fig. 23. The following 
specifications are taken from the author’s “‘ Specifications for Steel Frame Buildings.” 


Specifications for Five-Ply Tar and Gravel Roof on Timber Sheathing.—The materials used 
in making the roof are I (one) thickness of sheathing paper or unsaturated felt, 5 (five) thick- 
nesses of saturated felt weighing not less than 15 (fifteen) lb. per square of one hundred (100) 
sq. ft., single thickness, and not less than one hundred and twenty (120) lb. of pitch, and not — 
less than four hundred (400) lb. of gravel or three hundred (300) Ib. of slag from { to 3 in. in size, 
free from dirt, per square of one hundred (100) sq. ft. of completed roof. 

The material shall be applied as follows: First, lay the sheathing or unsaturated felt, lapping 
each sheet one in. over the preceding one. Second, lay two (2) thicknesses of tarred felt, lapping 
each sheet seventeen (17) in. over the preceding one, nailing as often as may be necessary to 
hold the sheets in place until the remaining felt is applied. Third, coat the entire surface of this 
two-ply layer with hot pitch, mopping on uniformly. Fourth, apply three (3) thicknesses of felt, 
lapping each sheet twenty-two (22) in. over the preceding one, mopping with hot pitch the full 
width of the 22 in. between the plies, so that in no case shall felt touch felt. Such nailing as is 
necessary shall be done so that all nails will be covered by not less than two plies of felt; fifth, 
spread over the entire surface of the roof a uniform coating of pitch, into which, while hot, imbed 
the gravel or slag. The gravel or slag in all cases must be dry. 

Specifications for Five-Ply Tar and Gravel Roof on Concrete Sheathing.—The materials 
used shall be the same as for tar and gravel roof on timber sheathing, except that the one thick- 
ness of sheathing paper or unsaturated felt may be omitted. 

The materials shall be applied as follows: First, coat the concrete with hot pitch, mopped 
on uniformly. Second, lay two (2) thicknesses of tarred felt, lapping each sheet seventeen (17) 
in. over the preceding one, and mop with hot pitch the full width of the 17-in. lap, so that in no 
case shall felt touch felt. Third, coat the entire surface with hot pitch, mopped on uniformly. 
Fourth, lay three (3) thicknesses of felt, lapping each sheet twenty-two (22) in. over the preceding 
one, mopping with hot pitch the full width of the 22-in. lap between the plies, so that in no case 
shall felt touch felt. Fifth, spread the entire surface of the roof with a uniform coat of pitch, 
into which, while hot, imbed gravel or slag. 


Cost of Five-Ply Tar and Gravel Roofing.*—The cost of a round house roof in the middle 
west, based on 1912 prices and containing 500 squares of five-ply tar and gravel roofing, was as 


follows. 
Cost per square of 100 sq. ft. not including fixed charges or profit, not including sheathing. 


Sheathing paper, 5lb. - yoSeh sacs yack sel looney Oc ceil een er ar ne $0.12 
Pitch, 155 Ibs at-60 cents per: 1O0oilb. 2. ee a scr ee eee eee 0.93 
Felt, 85) lb. at. $1,65:per, 100 lbs, . cease. nostic ten table anyey iar keane ae eee 1.40 
Nails and Caps alien. citi os\eros sles oper be doit lcka ovalnaslepo oes Nor tote ct ila anes acne a aR 0.05 
Cleatssfor ‘flash in ge sre cetias ccs piteys sacecel ue etadoys 9) sae) beara ee atone er paket Stent ee ee 0.05 
Gravel\ about/oné-seventhivard)! fe ad «cis os atte oeb tee Sea ee $22 
Labor;including hauling, board and railroad tare... sr lemieie eer rans 

‘Totalcost: persquare sinincis ope sis ozone leomie sce eyolaperse NiGiapee yet eae eee eee $3.93 


SHOP FLOORS.—Floors for industrial plants may be placed on a foundation resting directly 
on the ground or may be self supporting. Several examples of shop floors that rest on the ground 
are shown in Fig. 25. Standard specifications for a cement floor and for a wood floor on a tar 
concrete base follow. 

The following specifications are from the author’s “ Specifications for Steel Frame Buildings.” 

Specifications for Cement Floor on a Concrete Base. Materials——The cement used shall 
be first-class Portland cement, and shall pass the standards of the American Society for Testing 


Materials. The sand for the top finish shall be clean and sharp and shall be retained on a No. 30 
sieve and shall have passed the No. 20 sieve. Broken stone for the top finish shall pass a 4 in. 


* Am. Ry. Eng. Assoc., Vol. 14, p. 852. 
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screen and shall be retained on the No. 20 screen. Dust shall be excluded. The sand for the 
base shall be clean and sharp. The aggregate for the base shall be of broken stone or gravel and 
shall pass a 2 in. ring. 

Base.—On a thoroughly tamped and compacted subgrade the concrete for the base shall be 
laid and thoroughly tamped. The base shall not be less than 2} in. thick. Concrete for the 
base shall be thoroughly mixed with sufficient water so that some tamping is required to bring 
the moisture to the surface. If old concrete is used for the base the surface shall be roughened 
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Fic. 25. EXAMPLES OF GROUND SHOP FLOoRs. 


ly cleaned so that the new mortar will adhere. The roughened surface of old con- 
Bee allies be thoroughly wet so that the base will not draw water from the finish when the 
latter is applied. Before scrubbing the base with grout the excess water shall be removed. 
Finish. With old concrete the surface of the base shall first be scrubbed with a thin grout 
of pure cement, rubbed in with a broom. On top of this, before the thin coat is set, a coat of 
finish mixed in the proportions of one part Portland cement, one part stone broken to pass a 2 7 
ring, and one part sand shall be troweled on using as much pressure as possible, so that it wi 
take a firm bond. After the finish has been applied to the desired thickness it should be screeded 
and floated to a true surface. Between the time of initial and final set it shall be finished by 


4 
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skilled workmen with steel trowels.and shall be worked to a final surface. Under no condition 
shall a dryer be used, nor shall water be added to make the material work easily. ee 

Specifications for Wood Floor on a Tar Concrete Base. Floor Sleepers.—Sleepers for 
carrying the timber floor shall be 3 in. X 3 in. placed 18 in. c. toc. After the subgrade has been 
thoroughly tamped and rolled to an elevation of 43 in. below the tops of the sleepers, the sleepers 
shall be placed in position and supported on stakes driven in the subgrade. Before depositing 
the tar concrete the sleepers must be brought to a true level. 

Tar Concrete Base.—The tar concrete base shall be not less than 43 in. thick and shall be 
laid as follows: First, a layer three (3) in. thick of coarse, screened gravel thoroughly mixed with 
tar, and tamped to a hard level surface.. Second, on this bed spread a top dressing 1% in. thick 
of sand heated and thoroughly mixed with coal tar pitch, in the proportions of one (1) part pitch 
to three (3) parts tar. The gravel, sand and tar shall be heated to from 200 to 300 degrees F., 
and shall be thoroughly mixed and carefully tamped into place. 

Plank Sub-Floor.—The floor plank shall be of sound hemlock or pine not less than 2 in. 
thick, planed on one side'and one edge to an even thickness and width. The floor plank is to be 
toe-nailed with 4 in. wire nails. 

Finished Flooring.—The finished flooring is to be of maple of clear stock, # in. finished thick- 
ness, thoroughly air and kiln dried and not over 4 in. wide. The flooring is to be planed to an even ; 
thickness, the edges jointed, and the underside channeled or ploughed. The finished floor is to 
be laid at right angles to the sub-floor, and each board neatly fitted at the ends, breaking joints 
at random. The floor is to be final nailed with 10 d. or 3 in. wire nails, nailed in diagonal rows 
16 in. apart across the boards, with two (2) nails in each row in every board. The floor to be 
finished off perfectly smooth on completion. 

The finished flooring is not to be taken into the building or laid until the tar concrete base 
and sub-plank floor are thoroughly dried. 
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Shop floors above ground may be made of timber resting on beams, of brick arch construc- 
tion, (a) Fig. 26, of concrete with corrugated steel arch centers as shown in (b), of reinforced con- 
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crete as shown in (c) and (d), of steel filled with concrete as shown in (e), (f), (g), (A), or of 
concrete reinforced with Buckeye flooring as shown in (7) or M ultiplex flooring as shown in (j). 

Timber Floors.—The Yellow Pine Manufacturers Association has calculated the safe 
span of yellow pine when used for mill floors with fiber stresses of 1,200 to 1,800 Ib. per sq. in. 
for live loads of 100 to 300 Ib. per sq. ft. in addition to the weight of the floor, Table V. In the 
line marked ‘“ Deflection ” is given the span which has a maximum deflection of one thirtieth of 
an inch per foot of span for the various live loads. The modulus of elasticity of timber was taken 
as 1,684,800 Ib. per sq. in. The table may be used for any kind of timber by using the proper 
working stress. The maximum spans for fiber stresses less than 1,200 lb. per sq. in. may be found 
as follows: Required the maximum safe span for a timber floor 2% in. thick for a fiber stress of 
800 Ib. per sq. in. and a live load of 150 Ib. per sq. ft. The span is approximately the same as for 
a fiber stress of 1,200 Ib. per sq. in. and a live load of 225 lb. per sq. ft., = 6 ft. 11 in.; or fora 
fiber stress of 1,600 lb. per sq. in. and a live load of 300 Ib. per sq. ft., = 6 ft. 11 in. 


TABLE V. 


ALLOWABLE SPAN FOR TIMBER FLOORS. 
YELLOW PINE MANUFACTURERS ASSOCIATION. 


SPAN IN FEET. 
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Waterproofing.—For methods of waterproofing floors, walls, etc., see methods of waterproofing 
bridge floors in Chapter IV. 
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DIMENSIONS FOR GLAZED Woob SASH 


Sze of | oe Uh a bight Weight} Single 
G/95s — a Sash 


lo""2" 
[2x2 
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QUALITY OF GLASS 


“B’ American Single Strength “B’ American Double Strength — 
to" 12" | le" 12" | 10" 1a" | 12" 14" || 10°16" \ fe"x 16" | 14x16" 


All sash bo be 12" thick, excepl Siding. Sash, Pivoted Sash, and Single Sash (or one 
half of Double Seas sh) exceed Ing a 6 "high or 40’ ‘wide, which should be made 12" thick- 

Top Rails 23°" Stiles 2" Bottom Rail 3” Muntins 3" 

Pivoted Sash, 4 lights Koh or over, €o have one Soe Muptin /3' thick ; all 
other Sash, 6 lights high or over, to have one Horizontal Muntin [3 “Chick « 

Pivoted Sash, 4 lights wide or over, to have one Vertical Muntin Is “thick; all 
other Sash, 6 lighks wide or over, bo have one Vertical Muntin I$" thick + 

For Pivoted Sash 4 and 5 lh ighles high or wide, add I5"to Figures given in above tables+ 


Fic. 27. DIMENSIONS AND DATA FOR GLAZED Woop SasH. 
AMERICAN BRIDGE COMPANY. 


GLAZED WOOD SASH. 
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WINDOWS AND SKY LIGHTS.—Mill and mine buildings should have an ample amount 
of glazing in the form of windows and sky lights. Plane glass is made in two thicknesses, single 
strength approximately 4 in. thick, and double strength approximatley ¢ in. thick. Plane 
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glass is graded as AA, A, and B. The AA grade being the best and the B grade the poorest. 
Wire glass is #; in. or in. thick and may be obtained with a smooth surface, with factory ribs 
or prisms. For ordinary windows double strength glass gives very satisfactory results. For 
sky lights and where windows are liable to be broken, wire glass should be used. The best 
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FIXED SASH WITH MONITORS. 41 


glass for glazing windows in industrial plants is “ factory ribbed glass ” with twenty-one ribs to 
the inch, the ribs being placed on the inside of the window. This glass is considerably more ex- 
pensive than plane glass but is much more satisfactory, 

Translucent fabric made by imbedding wire cloth in a translucent material made of linseed 
oil, is also used for glazing in industrial buildings. Translucent fabric-will be charred by a live 
coal but is practically fire-proof. It shuts off part of the light, making it possible for men to work 
under it without shading. 
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The amount of glazed surface required in mill buildings depends upon the use to which the 
building is put, the material used in glazing, the location and the angle of the windows and sky 
lights, and the clearness of the atmosphere. It is common to specify that not less than 10 per 
cent of the exterior surface of mill buildings and 25 per cent of the exterior surface of machine 
shops should be glazed. Many industrial plants have as much as 60 per cent of the exterior 


walls of glass. 
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VENTILATORS AND DOORS. 43 


Details of glazed sash and window frames as adopted by the American Bridge Company 
are given in Fig. 27 to Fig. 34. 

VENTILATORS.—Mill buildings may be ventilated by means of monitor ventilators, or by 
means of circular ventilators. Details of a circular ventilator as designed by the American Bridge 
Company are shown in (3) Fig. 23. Details of a standard monitor steel louvre ventilator are 
shown in Fig. 35. The sides of the monitor ventilator in Fig. 42 were fitted with louvres which 
were to be closed in cold weather. Buildings of this type should have glazed sash so that when 
the ventilators are closed the light will not be cut off. Data for estimating louvre slats are given 
in Fig. 20. 
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WOODEN DOORS.—Wooden doors are usually constructed of matched pine sheathing 
nailed to a wooden frame as shown in Fig. 36. These doors are made of white pine. Doors up 
to four feet in width should be swung on hinges; wider doors should be made to slide on an over- 
head track or should be counter-balanced and raise vertically. Sliding doors should be at least 
4 in. wider and 2 in. higher than the clear opening. 
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‘‘ Sandwich ’’ doors are made by covering a wooden frame with flat or corrugated steel. 
The wooden framework of these doors is commonly made of two or more thicknesses of 7 in 
dressed and matched white pine sheathing not over 4 in. wide, laid diagonally and nailed with 
clinch nails. Care must be used in handling sandwich doors made as above or they will warp 
out of shape. Corrugated steel with 1% in. corrugations makes the neatest covering for sandwich 
doors. 

For swing doors use hinges about as follows: For doors 3 ft. X 6 ft. or less use IO in. strap or 
10 in. T-hinges; for doors 3 ft. X 6 ft. to 3 ft. X 8 ft. use 16 in. strap or 16 in. T-hinges; for doors 
3 ft. X 8 ft. to 4 ft. X 10 ft. use 24 in. strap hinges. 

STEEL DOORS.—Details of a steel sliding door are shown in Fig. 37. Details of a swing- 
ing steel door are shown in Fig. 38. Steel doors should be covered with corrugated steel, prefer- 
ably with 1% in. corrugations. 

Details of the track for a sliding door are shown in Fig. 39. 

EXAMPLES OF STEEL MILL BUILDINGS.—The following examples will illustrate the 
practice in the design of steel mill buildings. 

Example of Ketchum’s Modified Saw Tooth Roof.—The modified form of saw tooth 
roof shown in (n) Fig. 6, was proposed by the author in the first edition of ‘“‘ The Design 
of Steel Mill Buildings”’ (1903). This form of saw tooth roof has been used in the paint 
shops of the Plank Road Shops of the Public Service Corporation of New Jersey, Newark, N. J. 
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by 354 ft. long. The main trusses are of the modified saw 
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brick curtain walls on the exterior. 
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é: A STEEL TRANSFORMER BUILDING. 49 

A Steel Transformer Building.—The framework of a steel frame transformer building is shown 
in Fig. 41 and Fig. 42. The trusses are Fink trusses with the members made of angles placed 
back to back. The main columns carrying the roof trusses are made of four angles laced, the 
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Fic. -41. PLANS OF A TRANSFORMER BUILDING. 


section being I-shaped, each flange being composed of two angles placed back to back with the 
long legs outstanding, and the web consisting of lacing. The columns in the end of the building 
are made of g in. I-beams. The main purlins are made of 5 in. channels @ 63 lb., while the girts 
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Fic. 42. PLANS OF A TRANSFORMER BUILDING. 


are 4 in. channels @ 5; 1b. The purlins are spaced less than 4 ft. 9 in., which is a maximum spac- 
ing where corrugated steel roofing is used without sheathing. The steel framework is braced in 
the plane of the top chord and the sides and ends of the building by means of diagonal rods 7 in. 
in diameter. The crane girder beams in the plane of the lower chord brace the building longi 
tudinally, the diagonal bracing being composed of angles. 
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Fic. 43. CORRUGATED STEEL PLANS FOR TRANSFORMER BUILDING. 


Corrugated Steel Covering.—The plans for the corrugated steel covering on the roof and sides 
are shown in Fig. 43 and Fig. 44. The corrugated steel for the roof is No. 22 gage steel with 24 
in. corrugations, while the corrugated steel for the sides is No. 24 gage steel with 24 in. corrugations. 
The flashing and ridge roll are made of No. 22 flat sheet steel. 
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Fic. 44. CORRUGATED STEEL LisT AND DETAILS FOR TRANSFORMER BUILDING. 


STEEL FRAME BUILDING WITH PLASTER WALLS. 53 


To prevent the condensation of moisture on the inside of the steel roof and the resulting 
dripping, anti-condensation lining was used, as is shown in Fig. 44. This lining was constructed as 
follows: Galvanized wire poultry netting was fastened to one eave purlin, was passed over the ridge, 
stretched tight and fastened to the other eave purlin. The edges of the wire were woven together 
by means of wire clips. On the wire netting was laid two layers of asbestos paper 7s in. thick, 

i and on top of the asbestos was laid two layers of tar paper. The corrugated steel was then laid on 
top of the roof in the usual way and was fastened to the purlins by means of long soft iron wire 
nails spaced as shown in Fig. 44. To prevent the lining from sagging stove bolts 34 in. in diam- 
eter with I in. X § in. X 4 in. flat washers on the lower side were placed between the purlins. 
The author would recommend that the purlins be spaced not to exceed 2 ft. 6 in. and the stove 
bolts omitted. 
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Fic. 45. STEEL FRAME BUILDING WITH PLASTER WALLS. 


Steel Frame Building with Plaster Walls.—The steel frame building shown in Fig. 45 was 
covered with expanded metal and plaster walls and roof constructed as follows: The side walls 
were made by fastening 3? in. channels at 12 in. centers to the steel framework and then covering 
this framework with expanded metal wired on. The expanded metal was then covered on the 
outside with a coating of cement mortar composed of one part Portland cement and two parts 
sand, and on the inside with a gypsum plaster, making the walls about 2 in. thick. The roof con- 
sists of a 24 in. concrete slab reinforced with expanded metal, this slab being covered with Io in. X 
I2 in. slate nailed directly to the concrete. 

Steam Engineering Building.— Details of a transverse bent of the steam engineering building 
at the Brooklyn Navy Yard are given in Fig. 46. 

The main columns are spaced 48 ft. centers while the main trusses are spaced 16 ft. centers. 
The intermediate trusses are carried on heavy trusses rigidly fastened to the main columns. The 
crane girders are carried on crane columns that are fastened to the main columns by light lacing. 
This method of supporting heavy crane girders is the most satisfactory method yet proposed. 
The building is well lighted with glass in the side walls, and sky lights in the roof. More than 60 
per cent of the area of the external walls and roof is glazed. Many other interesting details can 
be obtained from the drawings. 
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Fic. 46. STEAM ENGINEERING BUILDING, BROOKLYN NAvy YARD. 
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STEEL WINDOWS AND DOORS. 
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Fic. 47. 
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STEEL WINDOWS.—Windows with steel sash and steel frames are now used in fireproof 
buildings and are*generally used in all industrial buildings. The windows are generally glazed 
with wire glass }in. thick. Window sash may be fixed, or may be opened by swinging, or by sliding 
horizontally or vertically. 
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Fic. 48. STANDARD DETAILS FOR STEEL SASH. 


In Fig. 47, (a) to (g) inclusive, are windows with fixed sash with ventilators in different posi- 
tions; (h) is a window with horizontal sliding sash; (i) is a window with a sash which swings out- 
ward; (j) is a window with counterbalanced sash; (k) is a window with a fixed sash and a swinging 
ventilator; (1) is a window with a swinging sash; while (m) is a window with swinging sash with 
weather strips to prevent the storm from beating into the building, 

Steel sash are made by many different firms. While the main dimensions of the windows 
made by the different firms are practically standard, each firm uses different rolled-steel sections, 
different details and different operating devices. 

Standard dimensions for steel sash are given in Fig. 48. It should be noted that more steel 
is used with small sizes of glass than with large sizes, and that sash with small sizes of glass are 
therefore stronger than sash with large sizes. The maximum sizes of sash given in Fig. 48 are for 
glass 14 in. by 20 in. For glass 10 in. by 16 in. the maximum sizes may be increased 15 per cent; 
while for glass 18 in. by 24 in. the maximum sizes should be reduced by 15 per cent, and propor- 
tional for intermediate sizes of glass. The glass are fastened with clips and are glazed with special 
putty, on the inside of the sash. 
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Details of window sash as taken from the catalogs of the ‘‘ Fenestra” 


windows, made by the 
Detroit Steel Products Company, Detroit, Mich.; the ‘ 


Lupton ’’ windows, made by the David 
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Fic. 53. DETAILS OF STEEL SASH. 
( (f) is “Lupton,” (g) is ‘‘ United Steel Sash,” and (h) is “Fenestra ” 


Lupton Son Company, Philadelphia, and United Steel Sash” made by the Trussed Concrete 
Steel Co., Youngstown, Ohio, are shown in Fig. 49 to Fig. 52. While each company uses different 
-olled sections the details are essentially the same and may be used interchangeably as far as the 
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designing engineer is concerned. - Details of counterbalanced sash, are shown in (a) to (c) and 
details of a horizontal sliding sash are shown in (d) and (e), Fig. 53. The details of the sections 
used by the different firms may be determined by observing that in Fig. 53 (f) is “ Lupton” (g) 
is ‘‘ United Steel Sash,” and (h) is ‘‘Fenestra.’’ Details of construction, and details of operating 
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Fic. 54. Derraits or “UNITED STEEL SASH”? VENTILATORS AND SKYLIGHTS. 


devices and hardware can be obtained from the various catalogs. Details of ‘‘ United Steel Sash’: 
monitor ventilators and skylights are shown in Fig. 54. Details of ‘‘Lupton’’ monitor ventilators 
and skylights are shown in Fig. 55. The details shown in Fig. 54 and Fig. 55 are very complete. 
For address of other companies manufacturing steel windows, see Sweet’s “ Architectural Catalog’’ 
published by Sweet’s Catalog Service, New York. 


STEEL DOORS.—Steel doors built up out of special steel sections are made by several firms. 
Details of ‘‘Lupton” tubular steel doors manufactured by David Lupton Sons Company, 


54g 


“Lupton”’ doors have the frames welded. 


The doors are hinged to swing one way, or slide horizontally. 


STEEL WINDOWS AND DOORS. 
Details of “Fenestra” tubular steel doors made by the Detroit Steel Products Company, 


tally. The lower part of the door is filled with No. 12 gage steel, while the upper part is commonly 
Detroit, Mich., are shown in Fig. 57. 


Philadelphia, Pa., are shown in Fig. 56. These doors are hinged to swing one way or slide horizon- 
filled with wire glass set in steel sash and steel frames. 
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‘“‘ Fenestra ’’ doors have the frames riveted. Steel doors are 


also made by the Trussed Steel Concrete Company. 
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The following data have been taken from the Ogden catalog. 
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Fic. 
Diagrammatic sketches of several types of doors are shown in Fig. 58. 


Special tubular sliding doors can be made to ft. wide and 25 ft. high 
company is prepared to furnish door hardware and mechanical parts of the doors shown, or will 


opening 20 ft. wide and 25 ft. high. 


supply the doors complete. 
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Fic. 56. Dertaits or “Lupton” TuBULAR STEEL Doors. 
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Fic. 58. DIAGRAMMATIC SKETCHES OF Doors. COMPILED FROM CATALOG OF J. EDWARD OGDEN 
COMPANY. 
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Two-section Doors.—Doors may be made of wood frame with a sheet-steel covering, or with a 


1 


steel frame with a sheet-steel covering; the upper section may be glazed with ¢ in. wire glass set in 
metal frames. Details of doors 20 ft. wide and 22 ft. high are shown as constructed with wood 
frames, and also with steel frames. Counterweights are commonly made’ equal to one-half the 


total weight of the door. 
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Fic. 59. Data ror “BONANZA” CEMENT TILE. 


Single-Section Doors.—Doors may be made with wood frames or with steel frames. 


of a door 27 ft. 9 in. wide and 19 ft. 6 in high are shown. 


Details 
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Multi-Section Door.—This door is especially adapted for locations where there is little ceiling 
space. Doors may be made with wood frames or with steel frames. Details of doors 18 ft. 3 in. 
wide and 22 ft. 2 in. high are shown. 
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Fic. 60. DATA FOR FEDERAL CEMENT TILE. 


Turn-Over Door.—This door is used for small openings. There is no operating winch, the door 


being operated by hand. — 
Canopy Door.—This door protects the entrance when open. The minimum headroom above 


the door is 16 inches. This is a modification of the single-section door. 
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cConcrele-. —_y Flastic Cement 
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Fic. 61. DATA FOR FEDERAL CEMENT TILE (UPPER PART), AND DATA FoR PyroBAR Gypsum 
TILE (LOWER PART). 


Single-Leaf Vertical-Sliiding Door.—These doors require adequate headroom. Details of a 
door 8 ft. wide and 8 ft. high are shown. These doors are often placed in pairs, where one counter- 
weight and one winch will serve for both doors. 

Double-Leaf Vertical-Sliding Doors.—The two sections of these doors are equipped with sep- 
arate guides and are operated separately. Details of a door 20 ft. wide and 18 ft. high are shown. 

Crane Runway Doors.—These doors may swing inward or outward. The doors may be 
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operated by the crane operator or from the floor. Additional doors should be provided for the 
load, and for the crane cage where necessary. Folding and sliding doors are also made by the 
Kinnear Manufacturing Company, Columbus, Ohio. 


Rolling Steel Doors.—Rolling steel doors are made by several firms. The J. G. Wilson 
Corporation, New York, manufactures rolling steel doors that may be operated by hand with 
widths of 3 ft. to 6 ft. and heights of 6-ft. to 14 ft.; widths of 6 ft. to ro ft. and heights of 13 ft. 
to 17 ft.; widths of ro ft. to 15 ft., and heights of 13 ft. to 15 ft. Doors operated by gear have 
heights up to 21 ft. and widths up to 20 ft. The Kinnear Manufacturing Co., Columbus, Ohio, 


_ manufactures rolling steel doors with widths of 3 ft. to 20 ft., and heights of 6 ft. to 18 ft. For 


additional details and the names and addresses of other manufacturers of steel doors, see Sweet’s 
Architectural Catalog, published by Sweet’s Catalog Service, New York, N. Y. 


CEMENT ROOFING TILE.—Cement tile are made of Portland cement and clean, sharp 
sand and are reinforced with steel rods. 

Data for “ Bonanza’’ cement tile, manufactured by the American Cement Tile Mfg. Co., 
Pittsburgh, Pa., are given in Fig. 59. The exposed surface of the tile is Indian red in color, while 
the underside has a cement finish. The least desirable slope of roof is a pitch of one-fifth. Data 
for Federal Cement tile, manufactured by the Federal Cement Tile Co., Chicago, Ill., are given in 
Fig. 60, and in the upper part of Fig. 61. Cement roofing tile have been very extensively used for 
industrial plants. The cement tile have the following advantages: (a) are fire resisting; (b) 
require very simple roof construction; (c) require no sheathing; (d) are non-conductors, (e) may 
be erected rapidly; (f) the first cost is low for a permanent type of roof; (g) maintenance is low. 

Gypsum Roofing Tile—Gypsum roofing tile made by the United States Gypsum 
Company, Chicago, are sold under the trade name of Pyrobar Gypsum Roof Tile. The tile 
are 12 in. wide and 30 in. long, and weigh 13 lb. persq. ft. Data taken from the catalog for rafters 
and purlins for Pyrobar Gypsum Roof Tile are given in the lower part of Fig. 61. Gypsum roof 


* tile have recently been used on buildings for the Navy Department at Norfolk, Va. The follow- 


ing advantages of gypsum roof slabs were given by L. M. Cox, U. S. N., Engineering News, Jan. 
25, 1917. (a) Light weight; (b) rapid construction; (c) roof slab is non-conductor and non-con- 
densing; (d) is fire resisting; (e) shows few cracks; (f) low cost of maintenance. Gypsum roofing 
tile are made by several firms, and are also made at the building site. 

STRESSES IN MILL BUILDING COLUMNS CARRYING CRANE LOADS.—The stresses 
produced in columns of mill buildings by crane loads eccentrically applied depend upon the method 
used in bracing the structure against lateral forces. If the kneebraces are omitted or only very 


“small kneebraces are used, the columns are practically hinged at the top and the lateral thrust due 


to the eccentric crane loads must be carried to the ends of the building by the lateral bracing in the 
planes of the chords of the trusses. Proper bracing must then be provided in the end bents. 

If rigid kneebraces are provided the columns may be considered as fixed at the top and a 
transverse bent may be considered as carrying its load directly to the foundations. The lateral 
load will in reality be distributed between the direct path down the columns and the indirect path 
along the lateral bracing in the planes of the chords to the end bents. The portion carried by each 
route will depend upon the relative rigidity of the routes. Since the transverse bent is much more 
rigid than the lateral bracing, all of the load may be considered as carried by the transverse bent. 

In Fig. 62 three cases are considered. 

Case I. Columns Hinged at Base and Top.—tThis case is statically determinate. The 
lateral thrust is taken by the bracing in the plane of the chords and by the bracing in the end bents. 

Case II. Columns Hinged at Base and Fixed at Top.—Columns with constant cross-section.— 
The formulas for rigid frames were used, making the ratio of the moment of inertia of the truss to 
the moment of inertia of the column equal to infinity. The formula is sufficiently accurate when 
this ratio becomes as small as four, and is on the safe side. The distance h is measured to a point 
one-half way between the foot of the knee-brace and the top of the column. 

Case II. Columns Hinged at the Base and Fixed at Top. Columns with variable cross- 
sections.—In this case the column has a different cross-section above and below the attachment 
nf the crane girder. The formulas for rigid frames were used, making the ratio of the moment of 
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inertia of the truss to the moment of inertia of the column equal to infinity. The formula is - 
sufficiently accurate with a ratio of four and is on the safe side. 


Case IV. Columns Fixed at Base and Fixed at Top.—Formulas for Case II and Case III 
may be used, the value of # being taken as the distance from the point of contraflexure to a point 
midway between the foot of the kneebrace and the top of the column. The point of contratlexure 
may be calculated by formula (4), page 556. ; 


Stresses in Rigid Frames.—Formulas for stresses in rigid frames with pin-connected 
columns, for different loadings are given in Fig. 63. Formulas for the general case are given 
in the second column, while formulas for special cases are given in the third column. The 
formulas are very much Step aes where the columns and the top girder have the same moment 
of inertia. 


CASEL Colutins HINGED AT BASE AND TOP: CONSTANT OR VARIABLE CROSS-SECTION. 


Heh A perphj pad py bed ; 


c=) =Ly 
/oment of Inertia 
above bracket =1, 
below bracket =, 


Fic. 62. STRESSES IN MiLL BuILpING CoLUuMNS CARRYING CRANE LoaDs. 


STEEL WINDOWS AND DOORS. 540 


OCENERAL CASE 


eee 
Hee eT 


LOAD IN CENTER; a= 6 


Peel ban eg he 
HS OKg3) s rd 


GENERAL CASE TOP FULLY LOADED; b=0 


y-Wb [act b(H-2)y Th | py. wl? _., Th 
4 hth Ll Ah(tkr3)'" Ll 


- Wor 4). y Wo 
Y= “2 (icrb); & 5 (ab) 
1g=/7,=-Hh 


GENERAL CASE 


po 2 Wh BHA) Lh 
2 Pckt3) ?° Ll 


y2 
Y= ba 


My=Pa-Hh; Me=-Hh 


GENERAL CASE 
He VLOLWANO LEI Y] 
Sh(Zk¢3) 


GENERAL CASE LOAD ON ONE SIDE; P20 


eo klhta th? Lh\ po zpp.klhea leh? 
H=ifPerPe) eB) ihe Ate Ie 3) 

LerP(t-e). y .PerPl-e) | yPlt-e) y Poy DA 
l, Z 7 bh 72 l 7 AR Ta 7 


q 
/=Pe-Hh; M=Pé*Hh /y=Pe-Hh; (1,=-Hh 


LOADS AT T0P; a=h 


We 3(Pe+Pe) fed 
Zhe) Le 2 


GENERAL CASE 


z sy kha he, 1, 
HeHPes POI er 3) LGA 9 


va Plt+e)-Pe’ y _Plive)-Pe | and I, are the same 
LEE ES DEAL PF - 

Z 2 asingeneral case. 
M,=Hh-Pe; .2Hh-Pe’ for sides, g=l-=Hh 


GENERAL CASE LOAD ON ONE SIDE: P20. 


polP PLES Pat?3)-OPh | py. Pl 2kh#3a) 
LD ae Lhlik+3) 


-y-fa-h3. Lh 
(Oe ad La AT 
/y=Hh;Ny=lphe;/G=M +P. 


Mg= the; e=/. 


FiG..63. STRESSES IN RIGID FRAMES. 
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STANDARD LAG ScrEws, Hook BoLts AND WASHERS. 
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GENERAL SPECIFICATIONS FOR STEEL FRAME BUILDINGS.* 
BY 


MILO S. KETCHUM, 
M. Am. Soc. C. E. 


THIRD EDITION. 
1914. 


GENERAL DESCRIPTION. 


1. Height of Building.—The height of the building shall be the distance from the top of the 
masonry to the under side of the bottom chord of the truss. 

2. Dimensions of Building.—The width and length of the building shall be the extreme dis- 
tance out to out of framing or sheathing. 

3. Length of Span.—The length of trusses and girders in calculating stresses shall be con- 
sidered as the distance from center to center of end bearings when supported, and from end to 
end when fastened between columns by connection angles. 

4. Pitch of Roof.—The pitch of roof for corrugated steel shall preferably be not less than 
z (6 in. in 12 in.), and in no case less than 3. For a pitch less than 4 some other covering than 
corrugated steel shall be used. 

5. Spacing of Trusses.—Trusses shall be spaced so that simple shapes may be used for 
purlins. The spacing should be about 16 ft. for spans of, say, 50 ft. and about 20 to 22 ft. for 
spans of, say, 100 ft. For longer spans than 100 ft. the purlins may be trussed and the spacing 
may be increased. 

6. Spacing of Purlins.—Purlins shall be spaced not to exceed 4 ft. 9 in. where corrugated 
steel is used, and shall be placed at panel points of the trusses. 

7. Form of Trusses.—The trusses shall preferably be of the Fink type with panels so sub- 
divided that panel points will come under the purlins. If it is not practicable to place the purlins 
at panel points, the upper chords of the trusses shall be designed to take both the flexural and 
direct stresses. Trusses shall preferably be riveted trusses. 

Trusses supported on masonry walls shall have one end supported on sliding plates for spans 
up to 70 ft., for greater lengths of span rollers or a rocker shall be used. No rollers with a 
diameter less than 3 in. shall be used. 

All field connections of the steel framework.shall be riveted except the connections for purlins 
and girts, which may be field bolted. 

8. Bracing.—Bracing in the plane of the lower chords shall be stiff; bracing in the planes of 
the top chords, the sides and the ends may be made adjustable. 

g. Proposals.—Contractors in submitting proposals shall furnish complete stress sheets, 
general plans of the proposed structures giving sizes of material, and such detail plans as will 
clearly show the dimensions of the parts, modes of construction and sectional areas. * 

10. Detail Plans.—The successful contractor shall furnish all working drawings required by 
the engineer free of cost. Working drawings will, as far as possible, be made on standard size 
sheets 24 in. X 36 in. out to out, 22 in. X 34 in. inside the inner border lines. 

11. Approval of Plans.—No work shall be commenced or materials ordered until the working 
drawings are approved in writing by the engineer. The contractor shall be responsible for dimen- 
sions and details on the working plans, and the approval of the detail plans by the engineer will 
not relieve the contractor of this responsibility. 


LoaDs. 


12. The trusses shall be designed to carry the following loads: : 
13. DEAD LOADS. Weight of Trusses.—The weight of trusses per sq. ft. of horizontal 
projection, up to 150 ft. span shall be calculated by the formula 


1 ib 
w=2(1+-=) 
45 5VA 
where W = weight of trusses per sq. ft. of horizontal projection; = 
P = capacity of truss in pounds per sq. ft. of horizontal projection; 


L = span of the truss in feet; _ 
A = distance between trusses in feet. 


* Reprinted from the author’s ‘‘ The Design of Steel Mill Buildings.” 
55 
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14. Weight of Covering. Corrugated Steel.—The weight of corrugated steel shall be taken 
from Table I. 

When two corrugations side lap and six in. end lap are used, add 25 per cent to the above 
weights; when one corrugation side lap and four in. end lap are used, add 15 per cent to the above 
weights to obtain weight of corrugated steel laid. For paint add 2 lb. per square. The weight 
of covering shall be reduced to weight per sq. ft. of horizontal projection before combining with 
the weight of trusses. 

15. Slate.—Slate laid with 3 in. lap shall be taken at a weight of 73 lb. per sq. ft. of inclined 
roof surface for 34; in. slate 6 in. X 12 in., and 6% lb. per sq. ft. of inclined roof surface for 35 in. 
slate 12 in. X 24 in., and proportionately for other sizes. 

16. Tile:—Terra-cotta tile roofing weighs about 6 lb. per sq. ft. for tile I in. thick; the actual 
weight of tile and other roof coverings not named shall be used. ‘ 

17. Sheathing and Purlins.—Sheathing of dry pine lumber shall be assumed to weigh 3 lb. 
per ft. and dry oak purlins 4 lb. per ft. board measure. 

18. Miscellaneous Loads.—The exact weight of sheathing, purlins, bracing, ventilators, 
cranes, etc., shall be calculated. 

19. SNOW LOADS.—Snow loads shall be taken from the diagram in Fig. 1. ~ 

20. WIND LOADS.—The normal wind pressure on trusses shall be computed by Duch- 
emin’s formula, Fig. 3, with P = 30 lb. per sq. ft., except for buildings in exposed locations, 
where P = 40 lb. per sq. ft. shall be used. 

21. The sides and ends of buildings shall be computed for a normal wind load of 20 lb. per 
sq. ft. of exposed surface for buildings 30 ft. and less to the eaves; 30 lb. per sa. ft. of exposed 
surface for buildings 60 ft. to the eaves, and in proportion for intermediate heights. 5 

22. Mine Buildings.—Mine, smelter and other buildings exposed to the action of corrosive 
gases shall have their dead loads increased 25 per cent. 

23. Concentrated Loads.—Concentrated loads and crane girders shall be considered in 
determining dead loads. : 

24. Purlins.—Purlins shall be designed to carry the actual weight of the covering, roofing 
and purlins, but shall always be designed for a normal load of not less than 30 lb. per sq. ft. 

25. Girts.—Girts shall be designed for a normal load of not less than 25 Ib. per sq. ft. 

26. Root Covering.—Roof covering shall be designed for a normal load of not less than 30 
Ib. per sq. ft. 

27. Minimum Loads.—No roof shall, however, be designed for an equivalent load of less 
than 30 lb. per sq. ft. of horizontal projection. 

28. Loads on Foundations.—The loads on foundations shall not exceed the following in 
tons per sq. ft.: 


Ordinary clay. and diy. sand ‘mixed with clay =... 1... eae eee 2 
Dry sandjand-dryiclay. ose). eee oot ee oe Ono Oe RI ee eee ee 3 
Hard.clay and firm coafse sand 03550 W iy ©. 1s wes oe ate, 9m ester ee ee 4 
Firm, coarse sand-and gtavel/i sic) ik of ou eiceeeecee knee Renee 5 
Shalesrockiy. tele Se oe ee Se Hee eesale + ase aay oe) et ctae SAS ET AE ae 8 
Lah 6 lp 9818) <a es at Cie aA OTM Ores PA OPM Hi Bin sa Se Ried aoe < 20 


For all soils inferior to the above, such as loam, etc., never more than one ton per sq. ft. 
29. Stresses in Masonry.—The allowable stresses in masonry shall not exceed the following: 


Tons per Sq. Ft. Lb. per Sq. In, 


Commion brick) Portland cement mortans 4/5. ee ee eee 12 168 
Hard burned*brick, Portland .cementtmortar. so.» sees ee 15 210 
Rubblemasonry, Portland cement mortar. ae. ant + acts ete 10 140 
First class masonry, crystalline sandstone or limestone...........:. 25 350 
First class masonry, eranitesisa on tet alee ad te) eee ee 30 420 
Portlarid cement concrete; -1=3=5) sys un sie ocr ees erase 20 280 
Portland!icement:concrete, T—2—40ay. sinter eee rer eee 30 420 


30. Pressures on Masonry.—The pressure of column bases, beams, etc., on masonry shall 
not exceed the following in pounds per sq. in. 


Brick work with centent, mortar. cen @ wasn eee ee 250 
Rubble masonry with cement mortar...........:... Wie Jal as aes Fea CrP ape ee epee 250 
Portland cement ‘concrete; 1=2=4)5 y= rie us eee nett ey fee 500 
First class dimension sandstone or limestone.................. rence a eringta ty: 400 
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31. Loads on Timber Piles.—The maximum load carried by a pile shall not exceed 40,000 
Ib., or 600 Ib. per sq. in. of its average cross-section. The allowable load on piles driven with a 
drop hammer shall be determined by the formula P = pal 


Where P = safe load on pile 


in tons; W = weight of hammer in tons; h = free fall of hammer in ft.; s = average penetration 
for the last six blows of the hammer in in. Where a steam hammer is used, 75 is to be used in 
place of unity in the denominator of the right hand member of the formula. 

Piles shall have a penetration of not less than 10 ft. in hard material, such as gravel, and not 
less than 15 ft. in loam or soft material. 


PROPORTION OF ParRTs. 


32. Allowable Stresses.—In proportioning the different parts of the structure the maximum 
stresses due to the combinations of the dead and wind load; dead and snow load; or dead, minimum 
ote ae wind load are to be provided for. Concentrated loads where they occur must be pro- 
vided for. 

33. Tensile Stress.—Allowable Unit Tensile Stresses for Structural Steel. For direct dead, 
snow and wind loads. 


Lb. per Sq. In. 
Did Me SM ATMIME MM DELS MET SECTION as. «..ororeu gc cna427d o's ore « wns «lone Fieier «jasmoconeteeraee ofa 16,000 
LE i re en BTA 2 TOG scorers aiecererantie dg Ole oak Lon Me oe atin 16,000 
BortemmnanecsnonmOUed CAINS 20 25/265 scccte dialed <4 des as, oecols a. ela ete. s = basta oan 16,000 
pp bicrne el Vera omic Ce SCOLIOMN ts 8-1. bs inte tc eves: osteoae trae ow ale cheb eeaethe cated wR 20,000 
Aiormmrot SenOmeIaTe rs mn a aees usta ete cic «,. cuss . ctsila so Se nem ngscse no De wards oaths 20,000 
Plate girder webs, shear on net section............ ITE BS OCA OAR 10,000 
Shapes liable to sudden loading as when used for crane girders................ 10,000 
Baanaion rollersmper tmeal INC wc ccs. es ok ce veto cies te Same ae ea cree women 600 xX d 


where d = diameter of roller in inches. 


Laterals shall be designed for the maximum stresses due to 5,000 pounds initial tension and 
the maximum stress due to wind. 

34. Compressive Stress.—Allowable Unit Compressive Stress for Structural Steel. For 
direct dead, snow and wind loads 


S = 16,000 — 704 


where S = allowable unit stress in lb. per sq. in; 
1 = length of member in inches c. to c. of end connections; 
r = least radius of gyration of the member in inches. 
35. Plate Girders.—Top flanges of plate girders shall have the same gross area as the tension 
flanges. 
ze Shear in webs of plate girders shall not exceed 10,000 Ib. per sq. in. of net section. 
37. Alternate Stress.—Members and connections subject to alternate stresses shall be 
designed to take each kind of stress. ; : : 
38. Combined Stress.—Members subject to combined direct and bending stresses shall be 
proportioned according to the following formula: 


P M-, 
AN = — + See 
A fe Pi 
10k 


where S = stress in lb. per sq. in. in extreme fiber; 
P = direct load in lb.; 
A = area of member in sq. in.; 
M = bending moment in in-lb.; Ts: 
y, = distance from neutral axis to extreme fiber in inches; 
I = moment of inertia of member; eee 
J = length member, or distance from point of zero moment to end of member in inches; 
E = modulus of elasticity = 30,000,000. Ib. per sq. in. _ ; 
When combined direct and flexural stress due to wind is considered, 50 per cent may be 
added to the above allowable tensile and compressive stresses. : 
39 Stress Due to Weight of Member.—Where the stress due to the weight of the member or 
due to an eccentric load exceeds the allowable stress for direct loads by more than Io per cent, the 
section shall be increased until the total stress does not exceed the above allowable stress for 


direct loads by more than 10 per cent. 
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The eccentric stress caused by connecting angles by one leg when used as ties or struts shall 
be calculated, or only one leg will be considered effective. 

40. Rivets.—Rivets shall be so spaced that the shearing stress shall not exceed 11,000 lb. 
per sq. in.; nor the pressure on the bearing surface (diameter X thickness of piece) of the rivet 
hole exceed 22,000 lb. per sq. in. 

Rivets in lateral connections may have stresses 25 per cent in excess of the above. 

Field rivets shall be spaced for stresses two-thirds those allowed for shop rivets. 

Field bolts, when allowed, shall be spaced for stresses two-thirds those allowed for field 
rivets. 

Rivets and field bolts must not be used in direct tension. Where it is necessary that con- 
nections take tension turned bolts shall be used. 

At. Pins.—Pins shall be proportioned so that the shearing stress shall not exceed 11,000 Ib. 
per sq. in.; nor the pressure on the bearing surface (diameter X thickness of piece) of the pin 
hole exceed 22,000 lb. per sq. in.; nor the extreme fiber stress due to cross bending exceed 24,000 
Ib. per sq. in. when the applied forces are assumed as acting at the center of the members. 

42. Plate Girders.—Plate girders shall be proportioned by the moment of inertia of their 
net section or on the assumption that 4 of the gross area of the web is available as flange area, 
and the shear is resisted by the web. The distance between centers of gravity of the flange areas 
shall be considered as the effective depth of the girder. : 

43. Web Stiffeners.—The web of plate girders shall have stiffeners at the ends and inner 
edges of bearing plates, and at points of concentrated loads, and also at intermediate points where 
the thickness of the web is less than #5 of the unsupported distance between flange angles, not 
farther apart than the depth of the full web plate with a maximum limit of 5 ft. Stiffeners shall 
be designed as columns for a length equal to one-half the depth of the girder. Stiffener angles 
must have enough rivets to properly transmit the shear. 

44. Compression flanges of plate girders shall have at least the same sectional area as the 


tension flanges, and shall not have a stress per sq. in. on the gross area greater than 16,000 — 150 Z a 


where / = unsupported distance, and 6 = width of flange, both in inches. Compression flanges 
of dee girders shall be stayed transversely when their length is more than thirty times their 
width. 

45. Rolled Beams.—Rolled beams shall be proportioned by their moment of inertia. The 
depth of rolled beams in floors shall not be less than 345 of the span. Where rolled beams or 
channels are used as roof purlins the depths shall not be less than #5 of the span. 

46. Timber.—The allowable stresses in timber purlins and other timber shall be taken from 
the following table. 


ALLOWABLE WORKING UNIT STRESSES IN TIMBER, IN POUNDS PER SQUARE INCH. 


Modulus of 


Kind of Timber. eects 


White Oak 1,150,000 
Long Leaf Yellow Pine... I 610.000 | 
White Pine and Spruce... 1,130,000 
Western Hemlock 1,480,000 
Douglass Fir. . 1,§10,000 


Columns may be used with a length not exceeding 45 times the least dimension. The unit 
pines us lengths of more than 10 times the least dimension shall be reduced by the following 
ormula: 


where C = unit stress, as given above for short columns; 
P = allowable unit stress in lb. per sq. in.; 
1 = length of column in inches; 
d = least side of column in inches. 
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COVERING. 


47. Corrugated Steel.—Corrugated steel shall generally have 23 in. corrugations when used 
for roof and sides of buildings, and 1} in. corrugations when used for lining buildings. The 
‘minimum gage of corrugated steel shall be No. 22 for roofs, No. 24 for sides, and No. 26 for lining. 
The gage of corrugated steel in U. S. standard gage and weight per sq. ft. shall be shown 
on the general plan. 

48. Spacing Purlins and Girts.—The span, or center to center distance of purlins, shall not 
exceed the distance given in Fig. 18 for a safe load of 30 lb. per sq. ft. Corrugated steel sheets 
ee Oa span two purlin spaces. Girts shall be spaced for a safe load of 25 lb. per sq. ft. 
in Fig. 18. 

49. End and Side Laps.—Corrugated steel shall be laid with two corrugations side lap and 
six inches end lap when used for roofing, and one corrugation side lap and four inches end lap 
when used for siding. 
| 50. Fastening.—Corrugated steel shall be fastened to the purlins and girts by means of 
galvanized iron straps { in. wide by No. 18 gage, spaced 8 to 12 in. apart; by clinch nails spaced 
8 to 12 in. apart; or by nailing directly to spiking strips with 8d barbed nails, spaced 8 in. apart. 
Spiking strips shall preferably be used with anti-condensation lining. Bolts, nails and rivets 
shall always pass through the top of corrugations. Side laps shall be riveted with copper or 
galvanized iron rivets 8 to I2 in. apart on the roof and 13 to 2 ft. apart on the sides. 

51. Corrugated Steel Lining.—Corrugated steel lining on the sides shall be laid with one 
corrugation side lap and four in. end lap. Girts for corrugated steel lining shall be spaced for a 
safe load of 25 lb. per sq. ft. as given in Fig. 18. 

52. Anti-condensation Lining.—Anti-condensation roof lining shall be used to prevent 
dripping in engine houses and similar buildings, and shall be constructed as follows: Galvanized 
wire poultry netting is fastened to one eave purlin and is passed over the ridge, stretched tight 
and fastened to the other eave purlin. The edges of the wire are woven together and the netting 
is fastened to the spiking strips, where used, by means of small staples. On the netting are laid 
two layers of asbestos paper jg in. thick and two layers of tar paper. The corrugated steel is 
then fastened to the purlins in the usual way; 3; in. stove bolts with I in. X } in. plate washers 
on the lower side are used for fastening the side laps together and for supporting the lining; or 
the purlins may be spaced one-half the usual distance where anti-condensation lining is used and 
the stove bolts omitted. 

53. Flashing.—Valleys or corners around stacks shall have flashing extending at least 12 in. 
above where water will stand, and shall be riveted or soldered, if necessary, to prevent leakage. 

Flashing shall be provided above doors and windows. 

54. Ridge Roll.—All ridges shall have a ridge roll securely fastened to the corrugated steel. 

55. Corner Finish.—All corners shall be covered with standard corner finish securely fastened 
to the corrugated steel. 

56. Cornice.—At the gable ends the corrugated steel on the roof shall be securely fastened to a 
finish angle or channel connected to the end of the purlins, or, where molded cornices are used, 
to a piece of timber fastened to the ends of the purlins. : 

57. Gutters.—Gutters and conductors shall be furnished at least equal to the requirements 
of the following table: 


Span of Roof. Gutter. Conductor. 
Upmee.tom sort. 6 in. 4 in. every 40 ft. 
50 ft. to 70 ft. 7 in. 5 in. every 40 ft. 
70 ft. to 100 ft. 8 in. 5 in. every 40 ft. 


Gutters shall have a slope of at least 1 in. in 15 ft. Gutters and conductors shall be made 
of galvanized steel not lighter than No. 24. R 

58. Ventilators.—Ventilators shall be provided and located so as to properly ventilate the 
building. They shall have a net opening for each 100 sq. ft. of floor space as follows: not less 
than one-fourth sq. ft. for clean machine shops and similar buildings; not less than one sq. ft. 
for dirty machine shops; not less than four sq. ft. for mills; and not less than six sq. ft. for forge 
shops, foundries and smelters. ; 1 

59. Shutters and Louvres.—Openings in ventilators shall be provided with shutters, sash, 
or louvres, or may be left open as specified. , ) 

Shutters must be provided with a satisfactory device for opening and closing. 

Louvres must be designed to prevent the blowing in of rain and snow, and must be made 
stiff so that no appreciable sagging will occur. They shall be made of not less than No. 20 gage 
galvanized steel for flat louvres, and No. 24 gage galvanized steel for corrugated louvres. 

60. Circular Ventilators.—Circular ventilators, when used, must be designed so as to prevent 
down drafts. Net opening only shall be used in calculations. 


Age 
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61. Windows.—Windows shall be provided in the exterior walls equal to not less than Io per 


cent of the entire exterior surface in mill buildings,-and of not less than 25 per cent in machine ~ 


shops, factories, washeries, concentrators, breakers and similar buildings. . 


Window glass up to 12 in. X 14 in. may be single strength, over 12 in. X 14 in. the glass — 
shall be double strength. Window glass shall be A grade except in smelters, foundries, forge © 


shops and similar structures, where it may be B grade. The sash and frames shall be constructed 


of white pine. Where buildings are exposed to fire hazard the windows shall have wire glass set _ 


in metal sash and frames. 

62. Skylights.—At least half of the lighting shall preferably be by means of skylights, or 
sash in the sides of ventilators. 

Skylights shall be glazed with wire glass, or wire netting shall be stretched beneath the 
skylights to prevent the broken glass from falling into the building. Where there is danger of 
the skylight glass being broken by objects falling on it, a wire netting guard shall be provided 
on the outside. 

Skylight glass shall be carefully set, special care being used to prevent leakage. Leakage 
and condensation on the inner surface of the glass shall be carried to the down-spouts, or outside 
the building by condensation gutters. ; : 


63. Windows in sides of buildings shall be made with counterbalanced sash, and in venue | 


lators shall be made with sliding or swing sash. All swinging windows shall be provided with a 
satisfactory operating device. 

64. Doors.—Doors are to be furnished as specified and are to be provided with hinges, tracks, 
locks and bolts. Single doors up to 4 ft. and double doors up to 8 ft. shall preferably be swung 
on hinges; large doors, double and single, shall be arranged to slide on overhead tracks, or may be 
counterbalanced to lift up between vertical guides. : 

Steel doors shall be firmly braced and-shall be covered with No. 24 corrugated steel with 1} 
in. corrugations. 

The frames of sandwich doors shall be made of two layers of $ in. matched white pine, placed 
diagonally, and firmly nailed with clinch nails. The frame shall be covered on each side with a 
layer of No. 26 corrugated steel with 1% in. corrugations. Locks and all other necessary hard- 
ware shall be furnished for all windows and doors. 

(Sections 65 to 77 cover specifications for tar and gravel roofing and concrete and wood floors 
which have already been given.) 


DETAILS OF CONSTRUCTION. 


78. Details.—All connections and details shall be of sufficient strength to develop the full 
strength of the member. 

79. Pitch of Rivets.—The pitch of rivets shall not exceed 6 in., or sixteen times the thickness 
of the thinnest outside plate in the line of stress, nor forty times the thickness of the thinnest 
outside plate at right angles to the line of stress. The pitch shall never be less than three diameters 
of rivet. At the ends of compression members the pitch shall not exceed four diameters of the 
rivet for a length equal to twice the width of the member. 

80. Edge Distance.—The minimum distance from the center of any rivet hole to a sheared 
edge shall be 14 in. for } in. rivets, 1} in. for } in. rivets, 1% in. for 3 in. rivets, and 1 in. for 4 in 
rivets, and to a rolled edge 1}, 13, I and # in., respectively. The maximum distance from the 
edge el eight ®) times the thickness of the plate. 

81. Maximum Diameter.—The diameter of the rivets in angles carrying calcula: 5 
shall not exceed + of the width of the leg in which they are ia Soc ree pee oe 
be used in 2 in. angles. 
fee 82. Diameter of Punch and Die.—The diameter of the punch and die shall be as specified 
in § 147. 

83. Net Sections.—The effective diameter of a driven rivet will be assumed the same as 
its diameter before driving. In deducting the rivet holes to obtain net sections in tension members 
the diameter of the rivet holes will be assumed as § inch larger than the undriven rivet. , 

84. Minimum Sections.—No metal of less thickness than 4} in. shall be used except for 
fillers; and no angles less than 2’” X 2” & 4”. The minimum thickness of metal in head frames 
rock houses and coal tipples, coal washers and coal breakers shall be 3 in., except for fillers. 
No upset rod shall be less than § in. in diameter. Sag rods may be as small as 2 in. diameter. : 

85. Connections:—All connections shall -be of sufficient strength to develop the full strength 
of the member. No connections except for lacing bars shall have less than two rivets. All field 
connections except lacing bars shall have not less than three rivets. 

86. Flange Plates.—The flange plates of all girders shall not extend beyond the outer line 
of rivets connecting them to the angles more than 6 in. nor more than eight times the thickness 


of the thinnest plate. 
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87, Web Stiffeners.—Web stiffeners shall be in pairs, and shall have a close fit against flange 
angles. The stiffeners at the ends of plate girders shall have filler plates. Intermediate stiffeners 
may have fillers or be crimped over the flange angles. The rivet pitch in stiffeners shall not be 
greater than 5 in. 
88. Web Splices.—Web plates shall be spliced at all points by a plate on each side of the 
web, capable of transmitting the shearing and bending stresses through the splice rivets. 
89. Net Sections.—Net sections must be used in calculating tension members and in deducting 
the rivet holes they shall be taken ¢ in. larger than the nominal size of rivet. 
- go. Pin connected riveted tension members shall have a net section through the pin hole 
25 per cent in excess of the required net section of the member. The net section back of the 
| a hole in line of the center of the pin shall be at least 0.75 of the net section through the pin 
ole. 
_ 91. Upset Rods.—All rods with screw ends, except sag rods, must be upset at the ends so that 
the diameter at the base of the threads shall be 7g inch larger than any part of the body of the bar. 

92. Upper Chords.—Upper chords of trusses shall have symmetrical cross-sections, and shall 
preferably consist of two angles back to back. 

93. Compression Members.—All other compression members for roof trusses, except sub- 
struts, shall be composed of sections symmetrically placed. Sub-struts may consist of a single 
section. 

94. Columns.—Side posts which take flexure shall preferably be composed of 4 angles laced, 
or 4 angles and a plate. Where side posts do not take flexure and carry heavy loads they shall 
preferably be composed of two channels laced, or of two channels with a center diaphragm. 

95. Posts in end framing shall preferably be composed of I-beams or 4 angles laced. Corner 
columns shall preferably be composed of one angle. 

96. Crane Posts.—The cross-bending stress due to eccentric loading in columns carrying 
panes shall be calculated. Crane girders carrying heavy cranes shall be carried on independent 
columns. 

97. Batten Plates.—Laced compression members shall be stayed at the ends by batten 
plates, placed as near the end of the member as practicable and having a length not less than the 
greatest width of the member. The thickness of batten plates shall not be less than #5 of the 
distance between rivet lines at right angles to axis of member. 

98. Lacing.—Single lacing bars shall have a thickness of not less than #5, and double bars 
connected by a rivet at the intersection of not less than #5 of the distance between the rivets 
connecting them to the member; they shall make an angle not less than 45 degrees with the axis 
of the member; their width shall be in accordance with the following standards, generally: 


Size of Member. Width of Lacing Bars. 


For 15 in. channels, or built sections with 34 and 4 in. angles.. .23 inches (¥ in. rivets). 
For 12, 10 and g in. channels, or built sections with 3 in. angles.. .2} inches (# in. rivets). 
For 8 and 7 in. channels, or built sections with 24 in. angles....2 inches (% in. rivets). 

For 6 and 5 in. channels, or built sections with 2 in. angles.....1$ inches (% in. rivets). 


Where laced members are subjected to bending, the size of lacing bars or angles shall be cal- 
culated, or a solid web plate shall be used. 

99. Pin Plates.—All pin holes shall be reinforced by additional material when necessary, so 
as not to exceed the allowable pressure on the pins. These reinforcing plates must contain enough 
rivets to transfer the proportion of pressure which comes upon them, and at least one plate on 
each side shall extend not less than 6 in. beyond the edge of the batten plate. 

100. Maximum Length of Compression Members.—No compression member shall have a 
length exceeding 125 times its least radius of gyration for main members, nor 150 times its least 
‘radius of gyration for laterals and sub-members. The length of a main tension member in which 
the stress is reversed by wind shall not exceed 150 times its least radius of gyration. 

1o1. Maximum Length of Tension Members.—The length of riveted tension members in 
horizontal or inclined position shall not exceed 200 times their radius of gyration except for wind 
bracing, which members may have a length equal to 250 times the least radius of gyration. The 
horizontal projection of the unsupported portion of the member is to be considered the effective 
length. 
Pane Splices.—In compression members joints with abutting faces planed shall be placed as 
near the panel points as possible, and must be spliced on all sides with at least two rows of rivets 
on eagh side of the joint. Joints with abutting faces not planed must be fully spliced. 

103. Splices.—Joints in tension members shall be fully spliced. 

104. Tension Members.—Tension members shall preferably be composed of angles or 
shapes capable of taking compression as well as tension. Flats riveted at the ends shall not be 
used. 
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105. Main tension members shall preferably be made of 2 angles, 2 angles and a plate, or 2 
channels laced. Secondary tension members may be made of a single shape. 

106. Eye-Bars.—Heads of eye-bars shall be so proportioned as to develop the full strength © 
of the bar. The heads shall be forged and not welded. .- ; 

107. Pins.—Pins must be turned true to size and straight, and must be driven to place by — 
means of pilot nuts. 

The diameter of pin shall not be less than # of the depth of the widest bar attached to it. 

The several members attached to a pin shall be packed so as to produce the least bending 
moment on the pin, and all vacant spaces must be filled with steel or cast iron fillers. 

108. Bars or Rods.—Long laterals may be made of bars with clevis or sleeve nut adjustment. 
Bent loops shall not be used. 

109. Spacing Trusses.—Trusses shall preferably be spaced so as to allow the use of single 
pieces of rolled sections for purlins. Trussed purlins shall be avoided if possible. 

110. Purlins and Girts.—Purlins and girts shall preferably be composed of single sections— 
channels, angles or Z-bars, placed with web at right angles to the trusses and posts and legs turned 
down. 

111. Fastening.—Purlins and girts shall be attached to the top chord of trusses and to columns 
by means of angle clips with two rivets in each leg. 

112. Spacing.—Purlins for corrugated steel without sheathing shall be spaced at distances 
apart not to exceed the span as given for a safe load of 30 lb., and girts for a safe load of 25 lb. 
as given in Fig. 18. 

; 113. Timber Purlins.—Timber purlins and girts shall be attached and spaced the same as’ 
steel purlins. 

114. Base Plates.—Base plates shall never be less than 3 in. in thickness, and shall be of 
sufficient thickness and size so that the pressure on the masonry shall not exceed the allowable 
pressures in § 30. 

115. Anchors.—Columns shall be anchored to the foundations by means of two anchor 
bolts not less than 1 in. in diameter upset, placed as wide apart as practicable in the plane of the 
wind. The anchorage shall be calculated to resist one and one-half times the bending moment 
at the base of the columns. 

116. Lateral Bracing.—Lateral bracing shall be provided in the plane of the top and bottom 
chords, sides and ends; knee braces in the transverse bents; and sway bracing wherever necessary. 
Lateral bracing shall be designe for an initial stress of 5,000 lb. in each member, and provision 
must be made for putting this initial stress into the members in erecting. 

117. Temperature.—Var‘ations in temperature to the extent of 150 degrees F. shall be 
provided for. 


MATERIAL AND WORKMANSHIP. 


MATERIAL. 


118. Process of Manufacture.—Steel shall be made by the open-hearth process. ~ 
119. Schedule of Requirements. 


Chemical and Physical Structural Steel. 
Properties. 


Rivet Steel. Steel Castings. 


Basic... 0.04 per cent 0.04. per cent 0.05 per cent 
Phosphorus plete Aaa oe O08 ‘ d 0.04 & RGR 
Sulphur maximum......... 0.05 OlOs ane O1O5 ese 
Ultimate tensile strength Desired Desired Not less than 
Pounds per square inch..... 60,000 50,000 65,000 
I,500,000* 1,500,000 


Elongation: min. % in 8” { 


Ult. tensile strength Ult. tensile strength 


ER a a gta eee 2D 18 
Character of fracture....... Silky Silky Silk fi 
Cold bends without fracture. 180° flatf 180° flatt oo pees! 


The yield point, as indicated by the drop of beam, shall be recorded in the test report 


* See paragraph 128. 
+ See paragraphs 129, 130 and 131. 
t See paragraph 132. 
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: _ 120, Allowable Variations.—If the ultimate strength varies more than 4,000 Ib. from that 
desired, a retest shall be made on the same gage, which, to be acceptable, shall be within 5,000 
Ib. of the desired ultimate. 

) 121. Chemical Analyses.—Chemical determinations of the percentages of carbon, phos- 
phorus, sulphur and manganese shall be made by the manufacturer from a test ingot taken at 
the time of the pouring of each melt of steel and a correct copy of such analysis shall be furnished 
to the engineer or his inspector. Check analyses shall be made from finished material, if called 
ee pee purchaser, in which case an excess of 25 per cent above the required limits will be 
allowed. 

122. Form of Specimens. PLATES, SHAPES AND BARs.—Specimens for tensile and bending 
tests for plates, shapes and bars shall be made by cutting coupons from the finished product, 
| which shall have both faces rolled and both edges milled to the form shown by Fig. 1; or with 
both edges parallel; or they may be turned to a diameter of 2 in. for a length of at least 9 in., 
with enlarged ends. 

123. RivetTs.—Rivet rods shall be tested as rolled. 
124. PINS AND ROLLERs.—Specimens shall be cut from the finished rolled or forged bar, in 
such manner that the center of the specimen shall be 1 in. from the surface of the bar. The 
specimen for tensile test shall be turned to the form shown by Fig. 2. The specimen for bending 
test shall be 1 in. by 3 in. in section. 


Fic. “1. 


125. STEEL CastTINGs.—The number of tests will depend on the character and importance 
of the castings. Specimens shall be cut cold from coupons molded and cast on some portion of 
one or more castings from each melt or from the sink heads, if the heads are of sufficient size. 
The coupon or sink head, so used, shall be annealed with the casting before it is cut off. Test 
specimens shall be of the form prescribed for pins and rollers. 

126. Annealed Specimens.—Material which is to be used without annealing or further 
treatment shall be tested in the condition in which it comes from the rolls. When material is to 
be annealed or otherwise treated before use, the specimens for tensile tests representing such 
material shall be cut from properly annealed or similarly treated short lengths of the full section 
of the bar. 

127. Number of Tests.—At least one tensile and one bending test shall be made from each 
melt of steel as rolled. In case steel differing $ in. and more in thickness is rolled from one melt, 
a test shall be made from the thickest and thinnest material rolled. wr 

128. Modifications in Elongation—For material less than 7 in. and more than { in. in 
thickness the following modifications will be allowed in the requirements for elongation: 

(a) For each 7g in. in thickness below 3% in., a deduction of 23 per cent will be allowed from 
the specified elongation. 

(6) For each } in. in thickness above $ in., a deduction of 1 per cent will be allowed from 
the specified elongation. fae | 

(c) For pins and rollers over 3 in. in diameter the elongation in 8 in. may be 5 per cent less 
than that specified in paragraph 119. 

129. Bending Tests.—Bending tests may be made by pressure or by blows. Plates, shapes 
and bars less than 1 in. thick shall bend as called for in paragraph 119. 
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130. Thick Material.—Full-sized material for eye-bars and other steel 1 in. thick and over, 
tested as rolled, shall bend cold 180 degrees around a pin the diameter of which is equal to twice © 
the thickness of the bar, without fracture on the outside of bend. iS 

131. Bending Angles.—Angles 3 in. and less in thickness shall open flat and angles 3 in. and 
less in thickness shall bend shut, cold, under blows of a hammer, without sign of fracture. This — 
test will be made only when required by the inspector. ~ 

132. Nicked Bends.—Rivet steel, when nicked and bent around a bar of the same diameter _ 
as the rivet rod, shall give a gradual break and a fine, silky, uniform fracture. 

133. Finish.—Finished material shall be free from injurious seams, flaws, cracks, defective 
edges, or other defects, and have a smooth, uniform, workmanlike finish. Plates 36 in. in width — 
and under shall have rolled edges. j 

134 Stamping.—Every finished piece of steel shall have the melt number and the name of 
the manufacturer stamped or rolled upon it. Steel for pins and rollers shall be stamped on the 
end. Rivet and lattice steel and other small parts may be bundled with the above marks on an 
attached metal tag. 

135. Defective Material—Material which, subsequent to the above tests at the mills, and 
its acceptance there, develops weak spots, brittleness, cracks or other imperfections, or is found 
to have injurious defects, will be rejected.at the shop and shall be replaced by the manufacturer 
at his own cost. 

136. Allowable Variation in Weight.—A variation in cross-section or weight of each piece of 
steel of more than 2% per cent from that specified will be sufficient cause for rejection, except in 
case of sheared plates, which will be covered by the following permissible variations, which are to 
apply to single plates. 

137. When Ordered to Weight.—Plates 123 lb. per square foot or heavier: 

(a) Up to 100 in. wide, 24 per cent below or above the prescribed weight. 


PLates + INCH AND OVER IN THICKNESS. 


Width of Plate. 


Thickness Nominal 
Ordered, in. Weight, Ib. Up to 75 in. 75 in. and up to 100 in. and up to Over 115 in. 
roo in. Irs in. 


10.20 IO per cent I4 per cent 18 per cent 
12.75 es 


66 (<3 co ce 


12 
15.30 10 17 per cent 
17.85 13 ce ce 
20.40 16) 
22.95 : Il 
25.50 10 


“cc ce 


| 


PLATES UNDER + INCH IN THICKNESS. 


‘ Width of Plate. 
Thickness Nominal Weights 
Ordered, in. Ib. per sq. ft. 


Up to 50 in. 50 in. and up to Over 70 in. 
70 in. ‘ 


1-8 up to 5-32 5.10 to 6.37 IO per cent I5 percent 20 per cent 
5-32 3-16 6.37 “ 7.65 ay i V7 SC 
3-16 “ “ q-4 7.65 “ 10.20 gee eee 


(6) One hundred in. wide and over, 5 per cent above or below. 
138. Plates under 124 lb. per sq. ft.: 
(a) Up to 75 in. wide, 2} per cent above or below. 
(b) Seventy-five in. and up to 100 in. wide, 5 per cent above or 3 per cent below. 
(c) One hundred in. wide and over, 10 per cent above or 3 per cent below. 
° 139. When Ordered to Gage.—Plates will be accepted if they measure not more than .or 
in. below the ordered thickness. 
_. 140. An excess over the nominal weight, corresponding to the dimensions on the order, 
will be allowed for each plate, if not more than that shown in the preceding tables, one cubic inch 
of rolled steel being assumed to weigh 0.2833 lb. 
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SPECIAL METALS. 


141. Cast-Iron.—Except where chilled iron is specified, castings shall be made of tough gray 
iron, with sulphur not over 0.10 per cent. They shall be true to pattern, out of wind and free 
from flaws and excessive shrinkage. If tests are demanded they shall be made on the “ Arbitra- 
tion Bar” of the American Society for Testing Materials, which is a round bar, 12 in. in diameter 
and 15 in. long. The transverse test shall be on a supported length of 12 in. with load at middle. 
The minimum breaking load so applied shall be 2,900 lb., with a deflection of at least #5 in. before 
rupture. 

142. Wrought-Iron Bars.—Wrought-iron shall be double-rolled, tough, fibrous and uniform 
in character. It shall be thoroughly welded in rolling and be free from surface defects. When 
tested in specimens of the form of Fig. 1, or in full-sized pieces of the same length, it shall show 
an ultimate strength of at least 50,000 Ib. per sq. in., an elongation of at least 18 per cent in 8 in., 
with fracture wholly fibrous. Specimens shall bend cold, with the fiber through 135°, without 


_ sign of fracture, around a pin the diameter of which is not over twice the thickness of the piece 


tested. When nicked and bent the fracture shall show at least 90 per cent fibrous. 


WORKMANSHIP. 


143. General.—All parts forming a structure shall be built in accordance with approved 
drawings, The workmanship and finish shall be equal to the best practice in modern bridge 


- works. 


144. Straightening Material.—Material shall be thoroughly straightened in the shop, by 
methods that will not injure it, before being laid off or worked in any way. 

145. Finish.—Shearing shall be neatly and accurately done and all portions of the work 
exposed to view neatly finished. 

146. Rivets.—The size of rivets, called for on the plans, shall be understood to mean the 
actual size of the cold rivet before heating. 

147. Rivet Holes.—When general reaming is not required, the diameter of the punch for 
material not over # in. thick shall be not more than 7g in., nor that of the die more than } in. larger 
than the diameter of the rivet. The diameter of the die shall not exceed that of the punch by 
more than j the thickness of the metal punched. 

148. Planing and Reaming.—In medium steel over ? of an in. thick, all sheared edges shall 
be planed and all holes shall be drilled or reamed to a diameter of § of anin. larger than the punched 
holes, so as to remove all the sheared surface of the metal. Steel which does not satisfy the 
drifting test must have holes drilled. . ; : 

149. Punching.—Punching shall be accurately done. Slight inaccuracy in the matching of 
holes may be corrected with reamers. Drifting to enlarge unfair holes will not be allowed. Poor 
matching of holes will be cause for rejection by the inspector. ; 

150. Assembling.—Riveted members shall have all parts well pinned up and firmly drawn 
together with bolts before riveting is commenced. Contact surfaces to be painted (see § 182). 

151. Lacing Bars.—Lacing bars shall have neatly rounded ends, unless otherwise called for. 

152. Web Stiffeners.—Stiffeners shall fit neatly between flanges of girders. Where tight 
fits are called for the ends of the stiffeners shall be faced and shall be brought to a true contact 
bearing with the flange angles. : ; 

153. Splice Plates and Fillers.—Web splice plates and fillers under stiffeners shall be cut to 
fit within } in. of flange angles. / . 

154. Web Plates.—Web plates of girders, which have no cover plates, shall be flush with 
the backs of angles or be not more than in. scant, unless otherwise called for. When web plates 
are spliced, not more than { in, clearance between ends of plates will be allowed. 

155. Connection Angles.—Connection angles for girders shall be flush with each other and 
correct as to position and length of girder. In case milling is required after riveting, the removal 
of more than 3 in. from their thickness will be cause for rejection. ‘ } 

156. Riveting.—Rivets shall be driven by pressure tools wherever possible. Pneumatic 
hammers shall be used in preference to hand driving. ; 

157. Rivets shall look neat and finished, with heads of approved shape, full and of equal size. 
They shall be central on shank and grip the assembled pieces firmly. Recupping and calking 
will not be allowed. Loose, burned or otherwise defective rivets shall be cut out and replaced. 
In cutting out rivets great care shall be taken not to injure the adjacent metal. If necessary 

ll be drilled out. . 
oe Pamed Bolts.—Wherever bolts are used in place of rivets which transmit shear, the 
holes shall be reamed parallel and the bolts turned to a driving fit. A washer not less than ¢ in. 
thick shall be used under nut. 5 ’ ; 

159. Members to be Straight.—The several pieces forming one built member shall be straight 
and fit closely together, and finished members shall be free from twists, bends or open joints. 
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160. Finish of Joints.—Abutting joints shall be cut or dressed true and straight and fitted 
close together, especially where open to view. In compression joints depending on contact 
bearing the surfaces shall be truly faced, so as to have even bearings after they are riveted up — 
complete and when perfectly aligned. 3 ‘ 

161. Field Connections.—All holes for field rivets in splices in tension members carrying 
live loads shall be accurately drilled to an iron templet or reamed while the connecting parts are 
temporarily put together. : 

162. Eye-Bars.—Eye-bars shall be straight and true to size, and shall be free from twists, 
folds in the neck or head, or any other defect. Heads shall be made by upsetting, rolling or forg- 
ing. Welding will not be allowed. The form of heads will be determined by the dies in use at 
the works where the eye-bars are made, if satisfactory to the engineer, but the manufacturer shall 
guarantee the bars to break in the body with a silky fracture, when tested to rupture. The 
thickness of head and neck shall not vary more than 7g in. from the thickness of the bar. 

163. Boring Eye-Bars.—Before boring, each eye-bar shall be properly annealed and carefully 
straightened. Pin holes shall be in the center line of bars and in the center of heads. Bars of the 
same length shall be bored so accurately that, when placed together, pins yy in. smaller in diam- 
eter than the pin holes can be passed through the holes at both ends of the bars at the same 
time. : 

164. Pin Holes.—Pin holes shall be bored true to gage, smooth and straight; at right angles 
to the axis of the member and parallel to each other, unless otherwise called for. Wherever pos- 
sible, the boring shall be done.after the member is riveted up. : 

165. The distance center to center of pin holes shall be correct within gy in., and the diameter 
of the hole not more than #, in. larger than that of the pin, for pins up to 5 in. diameter, and 4 in. 
for larger pins. 

166. Pins and Rollers.—Pins and rollers shall be accurately turned to gage and shall be 
straight and smooth and entirely free from flaws. 

167. Pilot Nuts and Field Rivets.—At least one pilot and one driving nut shall be furnished 
for each size of pin for each structure; and field rivets 15 per cent plus 10 rivets in excess of 
the number of each size actually required. 

168. Screw Threads.—Screw threads shall make tight fits in the nuts and shall be U. S. 
standard, except above the diameter of 13 in., when they shall be made with six threads per in. 

169. Annealing.—Steel, except in minor details, which has been partially heated shall be 
properly annealed. 

170. Steel Castings.—All steel castings shall be annealed. 

171. Welds.—Welds in steel will not be allowed. 

172. Bed Plates.—Expansion bed plates shall be planed true and smooth. Cast wall plates 
shall be planed top and bottom. ‘The cut of the planing tool shall correspond with the direction 
of expansion. 

173. Shipping Details.—Pins, nuts, bolts, rivets, and other small details shall be boxed or 
crated. : j 
174. Weight.—The weight of every piece and box shall be marked on it in plain figures. 

175. Finished Weight.—Payment for pound price contracts shall be by scale weight. No 
allowance over 2 per cent of the actual total weight of the structure as computed from the shop — 
plans will be allowed for excess weight. 


ADDITIONAL SPECIFICATIONS WHEN GENERAL REAMING AND PLANING ARE REQUIRED. 


176. Planing Edges.—Sheared edges and ends shall be planed off at least 4 in. 

177, Reaming.—Punched holes shall be made with a punch 3 in. smaller in diameter than 
the nominal size of the rivets and shall be reamed to a finished diameter of not more than 7 in. 
larger than the rivet. 

178. Reaming after Assembling.—Wherever practicable, reaming shall be done after the 
pieces forming one built member have been assembled and firmly bolted together. If necessary 
to take the pieces apart for shipping and handling, the respective pieces reamed together shall be 
so marked that they may be reassembled in the same position in the final setting up. No inter- 
change of reamed parts will be allowed. 

179. Removing Burrs.—The burrs on all reamed holes shall be removed by a tool counter- 
sinking about #5 in. 

TIMBER. 

180. Timber.—The timber shall be strictly first-class spruce, white pine, Douglas fir, Southern 
yellow pine, or white oak timber; sawed true and out of wind, full size, free from wind shakes 
large or loose knots, decayed or sapwood, wormholes or other defects impairing its strength or 
durability. 
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PAINTING. 


181. Painting.—All steel work before leaving the shop shall be thoroughly cleaned from all 
loose scale and rust, and be given one good coating of pure boiled linseed oil or paint as specified, 
well worked into all joints and open spaces. 

182. In riveted work, the surfaces coming in contact shall each be painted (with paint) 
before being riveted together. 

183. Pieces and parts which are not accessible for painting after erection shall have two 
coats of paint. 

184. The paint shall be a good quality of red lead or graphite paint, ground with pure linseed 
oil, or such paint as may be specified in the contract. 

185. After the structure is erected the iron work shall be thoroughly and evenly painted 
with two additional coats of paint, mixed with pure linseed oil, of such quality and color as may 

‘be selected. Painting shall be done only when the surface of the metal is perfectly dry. No 
painting shall be done in wet or freezing weather unless special precautions are taken. The two 
field coats of paint shall be of different colors. 

186. Machine finished surfaces shall be coated with white lead and tallow before shipment 
or before being put out into the open air. 


INSPECTION AND TESTING AT MILL AND THE SHOPS. 


187. The manufacturer shall furnish all facilities for inspecting and testing weight and the 
quality of workmanship at the mill or shop where material is fabricated. He shall furnish a 
suitable testing machine for testing full-sized members if required. 

188. Mill Orders.—The engineer shall be furnished with complete copies of mill orders, and 
no materials shall be ordered nor any work done before he has been notified as to where the orders 
have been placed so that he may arrange for the inspection. 

189. Shop Plans.—The engineer shall be furnished with approved complete shop plans, and 
must be notified well in advance of the start of the work in the shop in order that he may have an 
inspector on hand to inspect the material and workmanship. 

190. Shipping Invoices.—Complete copies of shipping invoices shall be furnished the engineer 
with each shipment. 

191. The engineer’s inspector shall have full access, at all times, to all parts of the mill or 
shop where material under his inspection is being fabricated. 

192. The inspector shall stamp each piece accepted with a private mark. Any piece not so 
marked may be rejected at any time, and at any stage of the work. If the inspector, through an 
oversight or otherwise, has accepted material or work which is defective or contrary to the speci- 
fications, this material, no matter in what stage of completion, may be rejected by the engineer. 

193. Full Size Tests.—Full size tests of any finished member shall be tested at the manu- 
facturer’s expense, and shall be paid for by the purchaser at the contract price less the scrap value, 
if the tests are satisfactory. If the tests are not satisfactory the material will not be paid for and 
the members represented by the tested member may be rejected. 


ERECTION. 


194. Tools.—The contractor shall furnish at his own expense all necessary tools, staging and 
material of every description required for the erection of the work, and shall remove the same 
when the work is completed. ; 

All field connections in the trusses and framework shall be riveted. Connections of purlins 
and girts may be bolted. 

195. Risks.—The contractor shall assume all risks from storms or accidents, unless caused 
by the negligence of the owner, and all damage to adjoining property and to persons until the 
work is completed and accepted. a 

196. The contractor shall comply with all ordinances or regulations appertaining to the 
work. 

197. The erection shall be carried forward with diligence and shall be completed promptly. 
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REFERENCES.—For data on windows and glazing; paints and painting; foundations, and 
additional data and examples of roof trusses and steel mill buildings, see the author’s ‘‘ The 
Design of Steel Mill Buildings.”” This book also contains a full treatment of algebraic and graphic 
statics; and the calculation of stresses in simple framed structures, in the transverse bent, the 
two-hinged arch, etc.; also contains 24 problems in algebraic and graphic statics illustrating the 
methods of calculating the stresses in roof trusses and other framed structures. 
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CHAPTER: IT, 
STEEL OFFICE BUILDINGS. 


Skeleton Construction.—Skeleton construction is a building where all external and internal 
loads and stresses are transferred from the top of the building to the foundations by a skeleton or 
framework of steel or reinforced concrete. In steel skeleton construction the framework con- 
sists of columns, floorbeams, girders, trusses, and diagonal and transverse bracing. The steel 
trusses have riveted connections and all connections in the steel framework should be riveted. 

Fire Resisting Construction.—To protect the structural steel from fire the framework is 
covered with materials that are slow heat conducting or “fireproof material.’’ The steel frame- 
work may be fireproofed with reinforced concrete, brick, tiles of burnt clay, or terra cotta, The 
windows on exposed sides and elevator enclosures are glazed with wire glass set in metal frames or 
are protected with fire shutters. Doors and other exposed openings are protected with fire doors 
or shutters. The interior finish, doors, etc. should be of metal and every precaution should be 
taken to prevent the spread of fire. Reinforced concrete fireproofing is usually made of the 
following thickness: For columns, trusses, girders or other very important members at least 2 
inches of concrete outside of the metal reinforcement; for ordinary beams or long span floor slabs 
or arches, 14 inches of concrete outside of the reinforcement, and for short span floor arches and 
slabs, partitions and walls at least 1 inch outside the metal reinforcement. Fireproofing of brick, 
tile or terra cotta is usually made with a thickness of not less than 4 inches for columns and the 
main framework. Metal flanges should be protected with not less than 2 inches of fireproofing 


at any point. 
TABLE I. 


WEIcHTs OF BUILDING MATERIALS, ETC. 
PouUNDS PER CuBIc Foot. 


Material. | ight. - Material. Weight. 


Brick, pressed and paving Hemlocle: act terest ctnrete seer 25 
“common building White: pinewW, cela. ceca ot sates 25 
“soft building Douglas fir 30 

Granite Vellow= pinetiey ee. scrsemtea heer 40 

Wihite oa ke aan ie asc cheers 50 
Mortar. | 100 

Sandstone Stone concrete 150 

Cinders Cinder? erg UAL sete are cera 110 

Slag Commom brick workse. es. sees LOO; E20 

Granulated furnace slag Rubble masonry, sandstone .........| 130-140 

sf sf limestone 140 
sad granite 150 

Sand, clay and earth (dry) Ashlar sandstone..........] I40-150 
of ON SE iglecete tid limestone 150 

(CBI DENG cd oluetno 5 BACAR Nes Se eee fe eranitem sas cs sees Nees 

Paving asphaltum Cast iron 450 

Plaster of Paris Wrought iron 480 

(GEE: 24 eG a.c ORE Cec Oe Seis er 490 

711 
Copper, rolled 490 
BYE doh Geis.o Gera Coco Oe aoe 523 
Plaster, ceiling 10 to 15 lb. per sq. ft.. 
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For details and data on fireproofing and fireproofing materials, see Freitag’s “Fire Prevention 
and Fire Protection,’’ and Kidder’s ‘‘ Architects and Builders Pocket Book.” 

LOADS.—The loads coming on office buildings may be grouped under the following headings: 
(x) dead loads; (2) live loads; (3) wind loads; (4) snow loads; (5) miscellaneous loads. 

Dead Load.—The ‘‘dead load’’ includes the weight of the structure, and other permanent 
fixtures and machines. A formula for the weight of roof trusses is given in Chapter I. The 
weights of materials are given in Table I. The actual weights of all dead loads should be calcu- 
lated. The minimum weight of a fireproof floor should be taken at not less than 75 lb. per sq. ft. 
of floor surface. In office buildings a minimum of 10 lb. per sq. ft. should be added for movable 
partitions. 

WEIGHT OF STEEL IN TALL BUILDINGS.—The weight of the steel framework for tall 
steel buildings varies with the height, the column spacing, the floor loads and other conditions. 
The weights of steel per cubic foot for several tall steel buildings are given in Table II. In calcu- 
lating the weight per cubic foot only the part of the building above the curb was considered. 


TABLE II. 
WEIGHT OF STEEL IN TALL BUILDINGS, POUNDS PER CUBIC Foor. 


7 Height. | Weight of 
Building. ——— | Steel, Lb. Reference. 


Stories.| Ft.] Per Cu. Ft. 


Park Row Building, New York.. 307 : ing. News, Oct. 8, 1896 
Hotel Astor (addition), New 

POLK teen ers, Porte tistetsce Lact ae ; . Record, Oct. 14, 1911 
Banker’s Trust Building, New 

BVor ka iesieee rierte cite tae suas : . Record, Feb. 11, 1911 
Underwood Building, New York. ; . Record, April 1, 1911 


Hotel Rector, New York....... F . Record, May 27, 1911 
Woolworth Building, New York. ‘ . Record, May 27, 1911 
Municipal Building, New York.. ae : . News, July 27, 1911 
Poole Bros. Printing, Chicago... : . News, July 25, 1912 
Merchants & Mfgs. Exchange, 
. Record, May 11, 1912 
Hotel McAlpin, New York..... ; . Record, Mar. 30, 1912 
Curtis Building, Philadelphia... : . Record, July 9, 1910 
Office Building, Denver : Designed by the author 


Live Loads.—The live loads on floors are commonly given in pounds per square foot. The 


minimum live loads in pounds per square foot as required by the buildings laws of several cities 
are given in Table III. 


Mr. C. C. Schneider, M. Am. Soc. C. E., in his ‘‘ General Specifications for Structural Work of 
Buildings” gives the following requirements for live loads on floors. 


“Table IV gives the ‘live’ load on floors, to be assumed for different classes of buildings. 
These loads consist of: (a) A uniform load per square foot of floor area; (b) A concentrated 
load which shall be applied to any point of the floor; (c) A uniform load per linear foot for girders. 
The maximum result is to be used in calculations. The specified concentrated loads shall also 
apply to the floor construction between the beams for a length of 5 ft.” 


LIVE LOADS. rel 


TABLE Til: 
FLoors AND Roors. 
Minimum Live Loans, Pounps PER Square Foor. 
By Building Laws of Various Cities. 


American Bridge Company. 


g ap Allin Felipe 

z= fle ol S 

a ° ued g oo 
- a On] s$/3R3] Sc] g 
Kind of Building. Gal salaaal val & 

BH = Bro] ew a 

bo g |2 &| & 6) 

a -Q a ot) O 


PAL EMeNUS Ie Metis test sn ce oe es ne ee 
Public Rooms*;and' Hallse. of. i v.si die ese e TOO, Mor so Saeed wee all eee SOc ace n lea see 
PAG SOTHD| vaptd alleen sre manele miele sietelerael dlardin «oc 12 Gale OOo E2Oui eyamera 12 Gell TOO)n ences 
LVORIYEL (SCANS VERIUGHE er eTT IS AF Ginn Gn Coes Ge tenen Beinn ieee eae 
Maa DICE Cate AUIGIt Minin S iar ctaitanelo ccs hlotees (sete haces cls ccosilt 12S Ile once 
Since smn ame es oar. ae cick < aillic oily OO |woecs | FE) T2E. [eee 


DMN GOSH Tea aE. ch Neyer acini nt saccell ,2O0)|s wheels catlelene ol 150s |e dieeae acer 
IRC OR SCHOO sien setter feck! am ave ais See Vea Phe owl: Gamelan nenlleotee|| HOMIE coe Seah beso: 
SC ULe LOM M Nr ee MNP ciiouc cer teairsy tron evtous ao serve ||\ OO! Natenveis [07S I DEN MeL OO memes 


aielfe)i\s aly ets), 0.(¢) eh 9) ©. elo. 8/ (ee. pis! we( 0) 6, 0) 9\\0) ye 8's) oie 9 


RSME OCIS Me eA EEN Mee een clays Peters: ote. oe ci cole A lave, cvares|(atersiars |\osabovstarlclcegt ois: Ihacelstera lett ates [hearst eT OO satan 


WOERICLOUS MMPI tents the as oc lee states oa © [los tis |aaincsl|ob ceclileescdieae oa[> SOo on ammleeeaca leer 
Citnee 1ae'a Bigg. cr aeetem pots MNES eee Ee OO! [ire ceai[ eee emote letesrsts, | oO | acetone reer emer 
FeereD CMR OOIIIS Cee MO eMcesnorfopctsi duc omevel or oFare Messe L OO! icssracerelll rete Nay 5-28 | arayanen| leer ee ol eouatenel ome el ene 
IA MIUPA EIN Goer siete eine «) stsichel cvs ereiire’o See elct alee E25 a2) | 120m elas) lela Se rere LOOn | seme 
ot NIGtOLics eee Miacteeie als © ve. o's esis Hoa Te lemteee E2ON|USOM|ae eel PLS Se Meeael | see ELSON erate 
TIGRE So 6. oc sora caclggnis Ob BOs IO TSEC ORO Cae EMER (EI Eacicaeess Sicicie a een Pee a ad bee Ae Al ee 
CYA OLOLECHOUSES SEE Me tice Selnckamlce we crocs olen os E5O)), 150) | "250))|' 20011 200M eenenllareee 


ReCaIRSLOLCS Heer Eien icles Gis Stns oo os WELZ Sete 


ROH CONS ME GI eeokcscdsie) ee ie See Ws. BhiSios|Saicn © | ocls wedi ae Bese||acaterrey|: LOO a | aa craiai| More elf haere 
Sonos (GlisssR Ooms mpm sc shoe aces se OO | Fe |... 75 

ecemplyeooms=—clallommitn) acer. ssa)| 125) 90. colleen | Or! <SONl e750 hares 
SCE WALGER te erm cee oe Dan cee eee towers BOO} menor PSS lberniel POMcllona sollaweoe 
Stables—-Camiage Houses... .0...----2222000 [owes eS Vikraate fe) |lopscal| eS) || HES oanes 

Pre AmeSSREMATIES OOUSC|= Gnctmie ty tac aor Serpe ei iayere's/ [feysjese.c eee | onions Saare'ssie acess |e 4 Oulearaualliedteres 
SL aiawiansrancelancdin compyrpyerst acess cic y-y2 | 70. [laste | acacsi'o ou. |iele 262!) ©SO- | TOON cell seekers 

Lie ISIS ySISS. SS So ng ob n conch e AO COS Oe OrS ORO Way 424 [neictoe |Seieic! aroeicl iais teed (inks Ol lee) |B riral Iataone 
Roolis—itarFE sb ee b Ooic ope See Oe Orne eeCe at Mme Lo) Lo Bl ara 40 

Horizontal Projection Steep Roofs..........]..... BON sacs 20 S| as here ee Surlleaeet 

Sipemieak Qumewer son be Ha nehe boos d84 Glponed| poet BOL wes: Onl ecjartet| serastalebreee 
rr MareGsUTCMe a mer users oor Dien e Syinye -iticste lee |« eae 30] 30\|| 30 


* Area greater than 500 square feet. 

t First Floors 200. 

t Slopes less than 20 degrees. 

§ Dead and live, except for one story steel frame buildings, corrugated iron roofs, 35 pounds. 

|| High Buildings, built up districts, 35 pounds; 14 stories or over, 25 pounds at tenth story, 23 
pounds less each story below. 

Figures for manufacturing establishments do not include machinery. 
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TABLE IV. 


TABLE oF Live LoApDs, SCHNEIDER’S SPECIFICATIONS. 


Live Loads in Pounds. 


Classes of Buildings. ee eae Bias Ki ioaee 
Load. Load. Linear Ft. of 


Girder. 


Dwellings, hotels, apartment-houses, dormitories, hos- 
fore LPS aoe mee ica cana SCLo en De eee te Ono Ci Tore 40 500 
Oitice:buildinessuppermstories\ cc. eve. eerie tie 50 
Schoolrooms, theater galleries, churches 60 
Ground floors of office buildings, corridors and stairs in 
PU DULG UN GIN SS whee eatanalels werecs-2 Shogemuaersiziece abate cope tetenys 
Assembly rooms, main floors of theaters, ballrooms, 
gymnasia, or any room likely to be used for drilling 
or dancing 
Ordinary stores and light manufacturing, stables and 
carriage-houses 80 000 
Sidewalkeun front of buildings 5 oss. <n ceie ec 300 10 000 I 000 
Warehouses and factories from 120 up Special Special 
GharvingahoorsmOrmtOunGries: ..0\ecns-) ea gee eiaercnicie «eee mS Ry 


80 


Floor 100 
Columns 50 


[ The actual weights of 
engines, boilers, stacks, 
Power houses, for uncovered floors. ............eeee0e 200 “ |< etc., shall be used, but in 

| no case less than 200 lb. 
he sq. ft. 


““If heavy concentrations, like safes, armatures, or special machinery, are likely to occur on 
floors, provision should be made for them. For structures carrying traveling machinery, such 
.as cranes, conveyors, etc., 25 per cent shall be added to the stresses resulting from such live load, 
to provide for the effects of impact and vibration.” 


Mr. Schneider’s method for live loads is the most rational method yet proposed. In the 
design of floor slabs when using this method the author has used an equivalent distributed load 
equal to twice the distributed loads in Table IV, and has omitted the concentrated load and load 
per lineal foot of girders. 

The floor loads on warehouses and the recommended floor loads per sq. ft. have been tabu- 
lated by the American Bridge Company in Table V. 

Wind Loads.—The wind loads required by different cities are given in Table III. 

Schneider’s specifications for wind load are as follows: 


“The wind pressure shall be assumed as acting in any direction horizontally: First.—At 20 
Ib. per sq. ft. on the sides and ends of buildings and on the actually exposed surface, or the vertical 
projection of roofs; Second.—At 30 lb. per sq. ft. on the total exposed surfaces of all parts com- 
posing the metal framework. The framework shall be considered an independent structure, 
without walls, partitions or floors.” 


Additional data on wind loads are given in Chapter I. 
Snow Loads.—The snow loads on roofs are given in Fig. 1, Chapter I. 


Schneider’s specifications require ‘‘A snow load of 25 lb. per sq. ft. of horizontal projection 
of the roof for all slopes up to 20 degrees; this load to be decreased 1 lb. for every degree of increase 
of slope up to 45 degrees, above which no snow load is to be considered. The above snow loads 
are minimum values for localities, where snow is likely to occur. In severe climates these snow 
loads should be increased in accordance with the actual conditions existing in these localities.” 
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Minimum Roof Loads.—Schneider’s specifications contain the following: 


“In climates corresponding to that of New York, ordinary roofs, up to 80 ft. span, shall be 
proportioned to carry the minimum loads in Table VI, per square foot of exposed surface, applied 
vertically, to provide for dead, wind and snow loads combined: 


TABLE VI. 
Minimum Loaps on Roors. 

On boards, flat slope, 1t0'6, or less | .0) cae 50 lb. 

Gravel or Composition Roofing | On boards, steep slope, more than I to6...... Boe 
On 3-in. flat tile or cinder concrete........... Gon 

Corrugated:sheeting, ont boards or purlinss, sje iy s)see esis ne oe poet eee 40 “ 
Slate On boards or purlins. . 1... ie hse et eee eens ene eens sees ame wees 50 “ 
On-in’ flat tile) or cinder Concrete mc. ratey-rede ae erase enor oe ee 65 “ 

aRiles on‘ steel purlims) ctr... 00 seis alee due Basal a» levels a) seca leet ovahel se hele 55 “ 
(CESS nie ee ee re eT EIA Ay ees Th Gaon CoCo o Sa oe-S o AS eae 


“For roofs in climates where no snow is likely to occur, reduce the foregoing loads by Io lb. 
per sq. ft., but no roof or any part thereof shall be designed for less than 40 lb. per sq. ft.’’ 

LIVE LOADS ON COLUMNS.—Schneider’s specifications require that: 

“For columns, the specified uniform live loads per square foot, Table IV, shall be used, 
with a minimum of 20,000 lb. per column. 

“For columns carrying more than five floors, these live loads may be reduced as follows: 

“For columns supporting the roof and top floor, no reduction; 

“For columns supporting each succeeding floor, a reduction of 5 per cent of the total live 
load may be made until 50 per cent is reached, which reduced load shall be used for the columns 
supporting all remaining floors.” 


The Chicago Building Ordinance (1911) requires that live loads on walls, columns and piers 


be taken as follows: 

“‘(a) The full live load (see Table III) on roofs of all buildings shall be taken on walls, piers, 
and columns. 

“‘(b) The walls, piers and columns of all buildings shall be designed to carry the full dead 
loads and not less than the proportion of the live load given in Table VII. 


TABLE VII. 
PERCENTAGE OF Live LOAD FOR COLUMNS. 
Chicago Building Ordinance (1911). 


Ail ar eT Oman 


85 per cent 


Oa: 
Sx 
Ohms 
rise 
Rane 
Acs 
Bes 
Dis 7 
oes 


““(c) The proportion of the live load on walls, piers, and columns on buildings more than 
seventeen stories in height shall be taken in same ratio as the above table. 

‘“(d) The entire dead load and the percentage of live load on basement columns, piers and 
walls shall be taken in determining the stress in foundations.” 


FOUNDATIONS. 15 


LOADS ON FOUNDATIONS.—Schneider’s specifications require that: 


_ “The live loads on columns shall be assumed to be the same as for the footings of columns. 
The areas of the bases of the columns shall be proportioned for the dead load only. That founda- 
tion which receives the largest ratio of live to dead load shall be selected and proportioned for the 
combined dead and live loads. The dead load on this foundation shall be divided by the area 
thus found and this reduced pressure per square foot shall be the permissible working pressure to 
be used for the dead load for all foundations.” 


PRESSURE ON FOUNDATIONS.—The following allowable pressures may be used in 
the absence of definite data. No important structure should be built without the making of 


careful tests of the bearing power of the soil upon which it is to rest. 
The loads on foundations should not exceed the following in tons per square foot: 


Ordinary clay and drysand mixed with clay...f-6 00s. sa. olen oes aoe amelen ole 2 
Mrvesand andedrysclaymas wee Seat ewes tee soa HTS eda ea eae Nee ERIS B 
PA orcaelaygand ar Mi RCOALSe SANG se icfo es. co ies e s.cie ss sees s,c.0 esjate sieges COTTE ee Oe 4 
PREG OAL Ce ESAICH ATCO TAV Ele de che co cn thas sale ea Pa cs oe bls se Satene au eile REE 5 
SWPEI® REG, 2.9 citing abc 2; ahe AOS SNe aR Aen CRA eR I Re 8 
TE@IRG! OEE chao Casitie yg. 3E RAG SO OER NC NCAR IC ROR rae ener a 20 


For all soils inferior to the above, such as loam, etc., never more than one ton per square foot. 
The Chicago Building Ordinance (1911) requires that: 


‘“(a) If the soil is a layer of pure clay at least fifteen feet thick, without admixture of any 
foreign substance other than gravel it shall not be loaded to exceed 3,500 lb. per sq. ft. If the 
soil is a layer of pure clay at least fifteen feet thick and is dry and thoroughly compressed, it may be 
loaded not to exceed 4,500 lb. per sq. ft. 

““(b) If the soil is a layer of firm sand fifteen feet or more in thickness, and without admixture 
of clay, loam or other foreign substance, it shall not be loaded to exceed 5,000 Ib. per sq. ft. 

i (c) If the soil is a mixture of clay and sand, it shall not be loaded to exceed 3,000 lb. per 
sq. it. 
i “Foundations shall in all cases extend at least four feet below the surface of the ground 
upon which they are built, unless footings rest on bed rock.” 


PRESSURE ON MASONRY.—The allowable stresses in masonry and pressures of beams, 
girders, column bases, etc. on masonry as given in Table VIII represent good practice. 


TABLE VIII. 
ALLOWABLE STRESSES IN MASONRY AND PRESSURES OF BEARING PLATES. 


A Safe Stresses in Safe Pressures of Walls, 
Kind of Masonry. Masonry, Lb. per Plates and Columns on 
Sq. In. Masonry, Lb. per Sq. In. 


Common Brick, Portland Cement Mortar........ 
Hard burned brick, Portland Cement Mortar..... 
Rubble Masonry, Portland Cement Mortar 

First Class Masonry, Sandstone 

First Class Masonry, Crystallized Sandstone 

Furst! Class Masonry, Limestone.......-.....+:+: 
First Class Masonry, Granite 

Portland Cement Concrete, 1-2-4 

Portland @ement Concrete, 1-3—S4)... 2.6. os 


BEARING POWER OF PILES.—The maximum load carried by a pile should not exceed 
40,000 lb. Piles should be driven not less than ro ft. in hard material, nor less than 20 ft. in soft 
material if the pile is to be loaded to full bearing. The safe load should not exceed that given by 
the Engineering News formula (1), Chapter XIV. 

THICKNESS OF WALLS.—The minimum thickness of curtain walls in steel skeleton 
buildings should be 12 in. for brick or concrete and 8 in. for reinforced concrete. 


‘ 
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Schneider’s specifications give the following empirical rule for calculating the thickness of 
walls in buildings several stories in height. ) 
“The minimum thickness of walls will be given by the formula 


t= Li4 + (hi +... +--: + An)/6 


where ¢ = minimum thickness of wall in inches, L = unsupported length in feet, which shall be 
assumed as not less than 24 ft.;and Hi, He, Hs, etc. the heights of stories in feet beginning at the 
top. Cellar walls are to be 4 in. thicker than the first story walls.” 

The Chicago Building Ordinance (1911) contains the following: : 

(a) Brick, stone, and solid concrete walls, except as otherwise provided, shall be of the 
thickness in inches indicated in the following table:”’ 


THICKNESS OF WALLS. 
Chicago Building Ordinance (1911). 


Stories. 


Basement. 
6 7 


One-story 
Two-story 
Three-story........ 
Four-story......... 


Five-story 
Six-stonys satiew ce 
Seven-story........ 


Eleven-story....... 
Twelve-story....... 


WATERPROOFING.—For methods of waterproofing walls, floors, etc., see methods of 
waterproofing bridge floors in Chapter IV. 


CALCULATION OF WIND LOAD STRESSES.—(1) The wind load on the sides of the 
steel frame in a building in which the wind bracing is all in the outside walls of the building will 
be carried to the ends of the building by means of bracing in the plane of each floor or by the floor 
slabs where the floors are made of reinforced concrete, and the loads will then be transferred to 
the foundations by means of bracing in the planes of the ends of the building. In calculating the 
stresses in the bracing in the end panels it is usual to assume that the wind load carried by each 
braced bent, consisting of two columns, together with the floor girders and wind bracing, is equal 
to the total wind load divided by the number of braced panels in the plane. This was the method 
used in calculating the stresses in the Singer Tower, New York. (2) As usually constructed the 
interior columns have brackets and only part of the wind load will be transferred to the ends or 
sides of the building, the remainder of the wind load will be transferred to the foundations by 
portal action and flexure in the columns and beams. It is not possible to determine the proportion 
of the wind load that will be taken by the main framework and by the ends of the building, as the 
stresses in the framework are’ statically indeterminate. During erection and before the floors 
have been put in place, or with types of floors which do not increase the rigidity of the building in 
horizontal planes, the wind loads will all be taken by the framework normal to the side of the 
building upon which the wind blows. This wind load is commonly taken as 30 lb. per sq. ft. of 
all framework exposed. When rigid floors have been put in place and the building is completed 
the wind load will be taken by the end transverse frames and the intermediate transverse frames, 
in proportion to the relative rigidity of the two frameworks. In a long narrow building with 
efficient wind bracing in the intermediate framework, practically all the wind load will be taken 
directly to the foundations by the transverse intermediate bents; while in the direction of the 
length of the building, practically all the wind load will be carried by the bracing in the sides of 
the building. For a building as long as wide with rigid floors and efficient transverse framework 
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and efficient wind bracing in the ends and sides of the building, it would appear reasonable to 
assume that in the completed building one-half the wind load will be taken by the intermediate 
transverse framework, and one-half will be transferred by means of the floors to the ends of the 
building and then transferred to the foundations by means of wind bracing in the ends of the 
building. The author’s specifications permit reinforced concrete floors to be considered as assisting 
in transferring wind loads in finished buildings, but most specifications require that the steel 
framework be required to carry all the wind loads in the completed structure. 

The transverse intermediate framework usually consists of columns and floor girders, in 
which the floor girders have brackets or knee braces at the ends to increase the rigidity of the 
framework. It will be seen that it is not only impossible to calculate the amount of wind load 
that is taken by each intermediate transverse framework, but that the intermediate transverse 
framework is itself statically indeterminate. In addition to being statically indeterminate it is 


not possible to determine the sizes of the columns and floor girders until after the wind stresses 


are determined. With a given framework in which the sizes of the members and the loads are 
given the stresses may be calculated by taking into account the deformations of the structure or 
by the “‘Theory of Least Work.” From the above it can easily be seen that an exact solution of 
the wind stresses in a tall steel frame building is impracticable and that an approximate practical 
solution. must be used. Three approximate methods for calculating the wind stresses in tall 
steel frame buildings are described by Mr. R. Fleming in Eng. News, March 13, 1913. The third 
method described by Mr. Fleming, and known as the ‘‘ Continuous Portal Method,” follows the 
method of the continuous portal given in the author’s “‘ Design of Steel Mill Buildings” and is the 
method in most common use. This method will now be described and some of its limitations 
will be shown. 

Problem.—A transverse intermediate frame bent consisting of four columns with bracketed 
floor girders will be taken as in Fig. 1. The wind loads are assumed as acting in the planes of the 
floors as shown. It will be assumed: (1) That the framework is rigid, that is the columns and 
floor girders do not change their lengths. (2) That each of the four columns takes one-fourth 
of the shear. (3) That the points of contra-flexure in the columns are midway between the floors. 
(4) That the vertical components of the stresses in the columns vary as the distance from the 
center of the building, or center of gravity of the columns. 

The shear in each column between the 6th floor.and the roof will be 1,000 Ib. The shear in 
each column between the 5th and 6th floors will be 2,500 Ib. The shear in each column between 
the 4th and 5th floors will be 4,000 lb. The shears in the other columns are shown in Fig. 1. 
The bending moments at the tops of each column between the 6th floor and the roof is M = 
+ 1,000 lb. X 6 ft. = + 6,000 ft.-Ib. To calculate the vertical stresses in the columns in the top 
story take moments about a plane cutting the columns in the points of contra-flexure. Then 
since the stresses vary as the distance from the center of the building, 


Vi X 24 ft. + Ve X 8 ft. — Vs X 8 ft. — Va X 24 ft. 
= 4,000 lb. X 6 ft. 


= 24,000 ft.-lb. 
Now 
Vi = — V4 = 302 = — 303, 
and 
Vo(3 X 24 +84+8+3 X 24) ft. = 24,000 ft.-lb 
_ 24,000 hs 
V2 = r56 Ib. = 150 lb. Vs 
Vi = 450 Ib. = — V4. 
The bending moment in the floor girder at the top of column No. 1 must be M = — 6,000 


ft.-lb., and will be equal to the vertical stress in column No. 1 multiplied by the distance to the 
point of contra-flexure. The point of contra-flexure in floor girder 2-3 will be at the center of 
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the panel, while the point of contra-flexure in floor girder 3-4 will be 13 ft. 4 in. from column 
No. 4. The bending moments at the top of column No, 2 will be Mz; = + 6,000 ft.-Ib.; in the 
right end of floor girder 1-2 will be Mis = — 450 lb. X 2 ft. 8 in. = — 1,200 ft.-lb.; in the left 
end of floor girder 2-3 will be M23; = — 600 lb. X 8 ft. = — 4,800 ft.-lb. It will be seen that 
the sum of the bending moments equals zero and the point is in equilibrium. The bending 
moments at the tops of columns No. 3 and No. 4 are calculated in the same manner. The direct 
stress in floor girder 3-4 is 4,500 Ib., in floor girder 2-3 is 3,000 Ib., and in floor girder 1-2 is 1,500 lb. 

In the plane of the 6th floor the bending moments at the foot of the columns between the 
6th floor and the roof will be M = + 6,000 ft.-lb., while the bending moments in the columns 
below the 6th floor will be M = 2,500 lb. X 6 ft. = + 15,000 ft.-lb. The bending moments in the 
floor girders are calculated as for the roof girders. It will be seen that the sum of the bending 
moments at each intersection of columns and floor girders equals zero and the structure is in 
static equilibrium. The remainder of the vertical stresses, horizontal stresses and bending 
moments are easily calculated in the same manner. 

Limitation of Method.—When the transverse framework consists of more than four bays 
(five columns) the solution above locates the point of contra-flexure of the leeward floor girder 
in the second panel, and the method fails, as the point of contra-flexure in the girder must not 
fall outside of the girder. For a wide building the shears cannot be taken equal. 

Distribution of Shears.—In the above solution it is assumed that the shear is taken equally 
by the columns. If the columns do not have the same cross-section this assumption will not be 
correct. If the columns do not have the same cross-section the condition that the deflection of 
the points of contra-flexure in each story are equal will require that the shears in the columns 
be in proportion to the moments of inertia of the cross-sections of the columns. 

For buildings having a greater width than four bays the most consistent method is to calcu- 
late the shear in the outside columns so that the points of contra-flexure in the floor girders will 
not fall outside the girder, the remainder of the shear being equally divided among the inside 
columns. 

ALLOWABLE STRESSES.—The allowable stresses in the steel framework of high buildings 
should be taken the same as for steel frame buildings in Chapter I. It is usual to add 25 per cent 
to the live load stresses due to cranes and vibrating machinery to provide for impact. 

Comparison of Compression Formulas.—The standard formula for the design of compression 
members adopted by the Am. Ry. Eng. Assoc., is used by the author in his “Specifications for 
Steel Frame Buildings” in Chapter I, and by the building ordinance of Chicago. The A. R. E. A. 
formula is ; 

P = 16,000 — 701/r (1) 


where P = unit stress in lb. per sq. in.; 7 = length and r = least radius of gyration of the column 
in inches. The maximum value of P is taken as 14,000 lb. 
The American Bridge Company’s Formula.—The American Bridge Company has adopted 


the following formula for the design of compression members. 
Axial compression of gross sections of columns, for 


REO Ol UTP Ci GON AOL», cic oid GO cI ClO Oo io oie ec a eeagcarte 19,000 — 100//r 
TH, & aeRO Oly 4a > Ob odbincoo mn o ou cout rec ono co dn ool om comer ; 


Amount. io. Amount. 


13000 6500 
12000 6000 
11000 5500 
10000 5000 
gooo 4500 
8000 4000 


7000 3500 
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where / = effective length of members in inches, 
ry = corresponding radius of gyration of section in inches. 
For ratios of //r up to 120, and for greater ratios up to 200, use the amounts given in the 
preceding table. For intermediate ratios, use proportional amounts. 
A comparison of several compression formulas is given in Table IX. 


TABLE IX. 


COMPARISON OF COMPRESSION FORMULAS. 
ALLOWABLE UNIT STRESSES IN POUNDS PER SQUARE INCH. 
American Bridge Company. 

A. R. E. Ass’n, 


Chicago. Gordon. New York. 
Ketchum. 


= 1 
16,000-70 = . 15,200-58—. 
14,000 max, 4 


36,000 r? 


14 000 
14 000 
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TABLE 1X.—Continued. 


Maximum Ratio of 1/r. 


Name of Formula. Abbreviation. 
Main Members. Bracing Struts. 


American Bridge Company 120 200 


A. B. 
‘American Railway Sigs Association. . A. R.E. A. 100 120 


Chicago Building Law. . ONAN nc tote : 120 150 
Ketchum’s Specifications. . Ses Nomarsyairne Ree vases : 125 150 


New York Building Law “yy 120 
Philadelphia Building Law : 140 
Boston Building Law é : 120 
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CAST /RON BEAM SEPARATORS 
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Fic. 4. Cast Iron SEPARATORS FOR BEAMS AND CHANNELS. 
AMERICAN BRIDGE COMPANY. 
(For details of separators for Bethlehem beams, see Part II.) 
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DETAILS OF FRAMEWORK.—The framework of a steel skeleton building consists of 
floorbeams and floor girders which carry the floor loads to the columns, of columns which carry 
the loads to the foundations and of foundations which transfer the loads to the earth; the columns 
are braced transversely and longitudinally by wind bracing and by means of the floor girders, 
and the roof is carried on trusses or on roof beams or purlins. There is in addition miscellaneous 
framing to carry the outside walls and the cornice, and the framing around elevators, etc. For 
additional details, see Chapter XII, Structural Drafting. 


NOTE: ~Figures in denole sheet numbers, 


Fic. 6. CoLUMN SCHEDULE. 


Floor Plan.—The floor is carried on floorbeams to the floor girders and by the floor girders 
to the columns. A detail plan of a section of a floor plan of a steel skeleton building is shown in 
Fig. 2. The floorbeams, girders and columns are numbered as shown. 

Details of floorbeams for an eight story steel office building are given in Fig. 3. For addi- 
tional details of rolled beams and bracing, see Chapter XII. Details of cast separators are given 
in Fig. 4. ie 

Columns.—Details of steel columns that are commonly used in steel skeleton buildings are 
given in Fig. 5. The built-H columns made of 4 angles and 1 plate or of 4 angles and 3 or 5 plates 
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as given in (1) and (2) are the most satisfactory columns for usual conditions. The Bethlehem 
H columns in (11) and (12) make very satisfactory columns. While the Bethlehem H columns 
require the driving of less rivets than are required to fabricate built-H columns, the extra cost 
required to drill from the solid in heavy Bethlehem H columns makes the final cost of the two 
types of columns practically the same for average conditions. Columns made of two channels 
laced are deficient in lateral rigidity and should only be used for light loads. Z-bars are difficult 
to obtain from the rolling mill and Z-bar columns should not be used unless it is known that 
Z-bars can be obtained. Additional sections are given in Fig. 14. 

Column Schedule.—A column schedule should be prepared as in Fig. 6. The column schedule 
should give the length, area of cross-section and the composition of every column in the building. 
For the use of the shop draftsmen the dead load, wind load and eccentric stresses should be given 
for each column. 

Column Details.—Standard details for channel columns and for plate and angle columns are 
given in Fig. 7. Details of channel columns are given in Fig. 8. Details of plate and angle 
columns are given in Fig. 9 and Fig. 10. - Details of column splices are given in Fig. 11 and Fig. 12. 
Details of a column used in the Singer Building are shown in Fig. 27. 

Column Bases.—Details of cast iron column bases as designed by the American Bridge 
Company are given in Fig. 13 and Fig.14. Intermediate sizes may be obtained by interpolation. 
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Details of a cast steel column base used in the Singer Building are shown in Fig. 15. Details 
of a built steel column base designed by Mr. E. W. Stern, Consulting Engineer, are shown in Fig. 16 
Mr. Stern considers the built steel column base as cheaper and more reliable than a cast steel 
base; and cheaper and very much more reliable than a cast iron base. In addition the base is 
easily set and readily grouted. After setting, the base is grouted with 1 to 2 Portland cement 
mortar. Bases of this design have been used for loads up to 1,600 tons. 

Anchors.—Details of anchors are given in Fig. 17. Anchors for columns in tall buildings 
should be calculated for the actual conditions. 

FOUNDATIONS.—The foundation for a tall building will depend upon the height of the 
structure, the total load on the foundation, the character of the soil, and the requirements of the 
design and may be briefly described as follows. 

(1) Ordinary wall or pier foundations built on the natural soil. 

(2) Walls and columns supported by timber grillage resting on the soil. 

(3) Walls and columns supported on grillages made of steel beams or bars encased in concrete 
and resting on the soil. ; 

(4) Piles of timber or concrete driven to rock or to a sufficient depth to carry the loads without 
settlement. 

(5) Caissons as constructed in Chicago by excavating in an open well or shaft, curbing it 
with timber, and then filling the well with concrete. 

(6) Caissons as constructed in New York by sinking steel cylinders, or steel and timber 
caissons, or reinforced concrete caissons, usually by the pneumatic process and filling the shaft 
with concrete, The first type of foundation, where the soil is compressible, can only be used for 
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buildings of four to six stories, but may be used for buildings of twelve to fifteen stories where the 
supporting power of the soil is considerable as in Denver. With high buildings the footings 
become so large as to be very expensive and also encroach upon the basement area. 

Timber grillage and timber piles must be kept permanently wet or the life of the foundation 
will be very short. Many of the early tall buildings in Chicago were carried on timber grillages 
and on timber piles, but the settlement of the structures was so great that the method was aban- 
doned for the method of concrete wells. : 

Steel grillage foundations have been. much used for high buildings. With steel grillage the 
foundations may be made very shallow so that the basement is not encroached upon. 


BXOKE L 


—_ a AL 
| _ahesgt r| . 2-SEXSB2 
yy OX68 | Clee fi 

1 Cees x! 2hanel oy f 
S| . S| “Fo NY 
Is ‘ 6 
3 | XY Ns ese9) KO eo" WFleorLine + 

° l t | n : % 
£0) 44 | 
s | | 

: 


‘Bracket DI 


Z of aes 
Q [freork we 


N, 
Bracket Bl4 acne 2-ekasdls 


BracketB6 R ix 
I 30%Gusset| ob. 1 y 
— € of Colurmnt Se ook 
: Window "py th, thyath Bracket D2 wu alelgs 
t /-6x6887 Near Sick i ee ‘ak 
, iS Z 
| QECIE eSccgy (VOCLSTAe —— aotalgte Bracket B17 
, 
i : ra ¢ of Colurmn (/**FleorLine 
1 aoe A Soe Se eS 
Oke $$'L NY = Soe 
SS Sy i ea 
2. se mace: xs 
' Ko eoreet iin = tA N 
‘ iS loolfo Sats : 
: | ' oo Db Ky 3 i Re) ee 
iF ave Se 
H t are ; 
Fo <%514 | feo aed ARSSRBL tt 
a sxedssls  2-exiakgis i eo Ne dhakgils a 
odin Ye 3h) Ir ee 
SEL So ae | f- 28 Gosser | =< 
BracketB9 Bracket BS Bracket B20 


Fic. 21. DETAILS OF WIND BRACING IN UNITED FIRE CompaAny’s BUILDING. 
(Eng. Record, Dec. 9, 1911.) 


In cities like Chicago and New York where real estate is so valuable that basements are 
often made three or four stories in depth, and where nearby disturbances due to excavations and 
tunneling would cause settlement it has been found necessary to carry the foundations to rock 
by means of wells or pneumatic caissons. In Chicago the wells commonly vary from 5 ft. to 
12 ft. in diameter and are sunk in the open and are lined with timber curbing. After bed rock is 
reached the well is filled with concrete. 

For a description of the sinking of the foundations for buildings in New York City, see a paper 
entitled “ Foundations for the New Singer Building, New York City’”’ by Mr. T. Kennard Thom- 
son, Consulting Engineer, in Trans. Am. Soc. C. E., Vol. 63, June, 1909. 

SPACING OF COLUMNS.—The spacing of columns in steel frame buildings varies from 
about 11 ft. to 24 ft., depending upon the height of the building, the floor lozds, the type of floor 
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and other conditions. For buildings a few stories in height it is economical to space the columns 
closely together, while in high buildings a spacing of 16 ft. to 20 ft. will commonly be found eco- 
nomical. The columns in the Singer Tower in Fig. 22 were spaced 12 ft. centers; the columns in 
the Guaranty Trust Company’s New York Building, 162 ft. high were spaced about 16 ft. by 16 
ft. and 21 ft. 6 in. by 19 ft. 9 in.; the columns in the Woolworth Building, New York, were spaced 
at distances varying from 18 ft. 6 in. by 18 ft. 6 in. in the main part to a maximum of 28 ft. by 
28 ft. in the tower. 
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’ Fic. 22. TypicaAL FLoor PLAN OF SINGER TOWER. 


FLOOR PANELS.—For the long span system, floor girders connect the columns forming a 
square or rectangle, the floor slabs being supported on the floor girders. For the short span 
system, floorbeams are carried by the floor girders and the spans for the flooring are reduced. The 
spacing of the floorbeams will depend upon the type of floor, but it will commonly be found eco- 
nomical to use an even number of floorbeams giving an odd number of short spans in each panel. 
A common arrangement is to use two floorbeams which divide each panel into three short spans. 
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SPANDREL SECTIONS.—The design of the curtain walls that are supported by the spandrel 
beams will depend upon the material of which the wall is built, the amount and character of the 
ornamentation, and the details of the windows. The details of the wall construction in the 
United Fire Company’s Building, New York, are given in Fig. 18. The spandrel masonry is carried 
by the wall girders and by horizontal angles bracketed from their outer faces. The angles in the 
outer flanges of the wall girders are often wider than those in the inner flanges to give additional 
support to the masonry, and both they and the detached spandrel angles have holes through their 
horizontal flanges to receive vertical expansion and wedge bolts to hold the stone or terra- 
cotta. The mullions over the windows are made of 3 in. by 4 in. tees. 
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Fic. 23. FOUNDATION PLAN OF SINGER BUILDING. 


The details of the spandrel walls should be worked out by the architect and the engineer 
working together if the best results are to be obtained. 

WIND BRACING.—The arrangement of the wind bracing in a steel frame building will 
depend upon the size and height of the building, upon the arrangement of the columns and the 
space that may be occupied by the wind bracing. Several types of wind bracing are shown in 
Fig. 19. Where space permits the diagonal bracing is the most effective. Diagonal bracing can 
only be used in solid walls or partitions. Knee braces (b) and portal bracing (c), can be used 
in outside walls where there is sufficient space above and below windows. Brackets (d) are 
used where the vertical clearance is limited and in wind bracing transversely through the building. 
Details of wind bracing of the United Fire Company’s Building, New York, are given in Fig. 20 
and Fig. 21. The building is 10 ft. 6 in. by 173 ft. 6 in. in plan and 25 stories in height. The 
columns are of Bethlehem H sections two stories in height. The floor panels are chiefly 15 ft. 
6 in. by 24 ft. 3 in. The columns rest on grillages which rest on pneumatic piers. 

Details of the wind bracing in the Singer Building are given in Fig. 24, Fig. 25, and Fig. 26. 
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SINGER BUILDING.*—The Singer Building consists of a main portion approxi 

r Neoth imatel ft.b 
116 ft. in plan and 14 stories high, and a tower 60 ft. by 60 ft. in ne and res Beoried hick, vith . 
four tier lantern which rises to a total height of 612 ft. The building is of skeleton steel con- 
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struction, fireproofed with terra-cotta tiling and provided with terra-cotta floor systems surfaced 
with cement. The columns are carried on concrete footings sunk by the pneumatic process to a 
depth of go feet. The columns are spaced 12 ft. centers and are connected at right angles by 


* Engineering News, Vel. 58, pp. 595 to 598. 
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girders and floorbeams. A typical floor plan of the tower is shown in Fig. 22. The columns are 
made of two channels, reinforced with plates where necessary. Details of a typical column are 
shown in Fig. 27. The wind bracing of the steel frame is shown in Fig, 24. A plan of the wind 
‘bracing in the tower is shown in Fig. 25. The panels that have heavy full lines were wind braced 
to the 33d story on the exterior and to the 36th story on the interior. Heavy dotted lines indi- 
cate wind bracing to the 14th story. Fine lines indicate no diagonal bracing. Circles on diagonal 
intersections represent anchor bolts. In designing the bracing the loads were distributed as 
follows:—It will be noticed that in a north and south direction there are 11 lines of wind bracing 
in the tower, nearly symmetrically placed. It was therefore assumed that on each story each 
line of X-bracing took +; of the total wind pressure of 30 lb. per sq. ft. The loads on the bracing 
in an east and west direction were distributed in a similar manner. ‘The details of the X-bracing 
2re shown in Fig. 26. Each of the 12 ft. square towers was assumed to act independently and 
cae uplift of the columns was provided for. 


SPECIFICATIONS FOR STEEL OFFICE BUILDINGS. 
BY 


MILO S. KETCHUM, 
Me Am=-s Soc: CG. Es 


1914. 


1. Design.—In all steel frame or skeleton buildings the stresses due to external and internal 
loads and wind stresses shall be transmitted to the foundation by the steel framework, no reliance 
being placed on the strength of the walls and partitions. Beams and girders shall have riveted 
connections to the steel columns. All columns shall be of structural steel with their different 
parts riveted together and shall be riveted to the beams and girders connecting to them. 

2. LOADS.—The structure shall be designed to carry the following loads. 

3. Dead Loads.—The dead load shall consist of the weight of all permanent construction 
and fixtures, such as walls, roofs, interior partitions, and fixed or permanent appliances. The 
weights of different materials shall be assumed as given in Table I. The minimum weight of 
fireproof floors to be assumed in designing the floor system shall be 75 lb. per sq. ft. The actual 
weight of floors shall be used in designing columns. The minimum weight of movable partitions 
shall be taken as 10 Ib. per sq. ft. 

4. Live Loads.—The live load shall consist of movable loads and loads due to machinery 
and other appliances. 

The live loads required by Schneider’s specifications and given in Table IV shall be used 
for the different classes of buildings. The maximum stresses due to any one of the three systems 
of loads shall be used in the design. Floor slabs for office buildings may be designed for a uniform 
load equal to twice the distributed load given in the second column of Table IV, and the effect 
of the concentrated load may be neglected. The concentrated load and load per linear foot of 
girder shall be considered in the design of all beams and girders. Flat roofs of office buildings, 
hotels, etc. that can be loaded by crowds of people shall be designed as the floors. 

5. Impact.—For structures carrying traveling machinery such as cranes or conveyors, or 
machinery such as printing presses, 25 per cent shall be added to the stresses resulting from live 
load to provide for impact and vibrations. ; 

6. Snow Loads.—The snow loads on roofs shall be taken the same as for steel frame mill 
buildings, Fig. 1, Chapter I. ; ’ : 

7. Wind Loads.—All structures shall be designed to resist the horizontal wind pressure on 
the surface exposed above surrounding buildings as follows. 

a. The wind pressure on roofs shall be taken as the normal component, calculated by Duchem- 
in’s formula, Fig. 3, Chapter I, of 30 Ib. per square foot on the vertical projection of the roof. 

b. The wind pressure on the sides and ends of buildings except as otherwise provided in the 
following paragraph shall be assumed as 20 Ib. per square foot acting in any direction horizontally. 

c. In designing the steel or reinforced concrete framework of fireproof buildings the frame- 
work shall be designed to resist a wind pressure of 30 Ib. per square foot acting on the total exposed 
surface of all parts composing the framework or a horizontal wind pressure of 20 Ib. per square 
foot acting in any direction horizontally on the sides and ends of the completed building. The 
strength of reinforced concrete floors may be considered in calculating the strength of the frame- 
work in the completed structure. The framework before the structure has been completed shall 
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be self-supporting without walls, partitions or floors. In no case shall the overturning moment 
due to wind pressure exceed 75 per cent of the resisting moment of the structure. In the calcu- 
lations for wind bracing the working stresses for dead and live loads may be increased 25 per 
cent providing the sections are not less than required for dead and live loads. Chimneys shall 
be designed to resist a wind pressure of 20 lb. (3 of 30 lb.) per square foot acting on the vertical 
projection of the chimney. Curtain walls carried on the framework of steel or reinforced concrete 
buildings shall be designed to resist a horizontal pressure of 30 lb. per square foot acting hori- 
zontally on the outside of the entire surface of the wall. 

8. Minimum Loads on Roofs.—Roofs shall be designed for the minimum loads specified by 
Schneider and given in Table VI. : 

g. Live Loads on Columns.—For columns carrying more than five floors, the live load may 
be reduced as follows: 

For columns supporting the roof and top floor no reduction. 

For columns supporting each successive floor a reduction of 5 per cent of the total live load 
may be made until 50 per cent is reached, which reduction of the load shall be used for the columns 
supporting all remaining floors. No column shall, however, be designed for a live load of less 
than 20,000 lb. The above reduction is not to apply to the live load on columns of warehouses, 
and similar buildings which are liable to be fully loaded on all floors at the same time. 

10. Loads on Foundations. The loads on foundations shall not exceed the following in 
tons per square foot: 


Ordinary clay and dry sand mixed with clay.................-..- Bo ceeg 2 
Wivssandvandidry cla yc. siiecseece ota 6 + 5 wie ser arate we aie eee eae eee ee en 3 
iardielayand: firm, coarse sand. i5:, cain. te Gare eG eo ie eee nee 4 
Woarsessandiandtoravells s. x scs aja 5 a cee Sats ects Mere rede nee eee 5 
Sith Senos) eer an Ot ee Me MERE GN AUS Solo. Jon Fowles go. 8 
Pare ROCIE iis aharer vowansioy yo lavas dua: 0 ac dnohea hia’ e-tlee Se eae of MEO Ce 20 


For all soils inferior to the above, such as loam, etc. never more than I ton per square foot. 

The loads on foundations shall be assumed to be the same as for the footings of columns. 
The area of the bases of the foundation shall be proportioned for the dead load only as follows. 
That foundation which has the largest ratio of live load to dead load shall be selected and pro- 
portioned for the combined dead and live loads. The dead load on this foundation shall be 
divided by the area thus found, and this reduced pressure per square foot shall be the permissible 
pressure to be used for the dead loads of all foundations. 

11. Pressure on Masonry and Wall Plates.—The maximum pressure on masonry and wall 
plates shall not be greater than the values given in Table VIII. 

12. Bases.—Structural steel columns shall rest on either cast iron, cast steel or built steel 
bases proportioned so as to distribute entire load of the column on the concrete or masonry founda- 
tion. Columns carrying wind stresses shall be firmly anchored with at least two anchor bolts 
to a mass of concrete whose weight is at least 1} times the up-lift in the column. All columns 
shall be properly secured to the bases. 

13. Shape of Foundations.—Foundations under columns shall be symmetrical except under 
wall columns, where the center line of the column must lie within the middle third of the founda- 
tion. In this case the average intensity of the pressure on the soil shall not exceed one-half the 
safe load allowed for a symmetrical section. In cases where the wall column load exceeds the 
above safe loads the column must rest upon a steel or reinforced concrete girder or cantilever 
having a column or columns at the inner end. The foundation shall then be designed for the 
combined loads. 

14. Rolled Beams.—The depth of rolled beams in floors shall be not less than one-twentieth 
of the span, and if used as roof purlins not less than one-thirtieth of the span. In case of floors 
subject to shocks and vibrations the depth of beams and girders shall be limited to one-fifteenth 
of the span. If shallower beams are used the sectional area shall be increased until the maximum 
deflection is not greater than that of a beam having a depth of one-fifteenth of the span, but the 
depth of such beams shall in no case be less than one-twentieth of the span. 

15. Expansion.—Provision shall be made for expansion and contraction corresponding to a 
variation of temperature of 150 degrees Fahr. where necessary. Expansion rollers shall not be 
less than 4 inches in diameter. 

16. Cast Iron.—The allowable stresses in cast iron shall be as follows: 


Compression = 12 000 lb. per sq. in. 
Tension = 2 500 lb. per sq. in. 
Shear = I 500 lb. per sq. in. 


_ 17. Steel Columns.—Columns shall be of rolled or built sections. No wall column or column 
with eccentric loads shall be used which does not have at least one solid plate or web of metal in or 
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parallel to the plane of eccentric stress. Columns shall have a minimum length equal to two 
stories; and splices on adjacent columns shall preferably be made at different stories unless the 
building is symmetrical about a middle line of columns, in which case for ease in construction 
similarly situated columns may be made alike. Columns shall be designed so as to provide for 
effective connections for floorbeams, girders and brackets. The splices shall be strong enough 
to resist the bending stresses and make the columns practically continuous for their entire length. 
The splices of columns shall be riveted. 

18. Roof Trusses.—Roof trusses shall be of steel and may have either pin or riveted con- 
nections, and shall be of such design that the stress in each member may be calculated. Roof 
trusses shall be braced in pairs and each pair of trusses shall be rigidly connected by lateral and 
transverse bracing. Purlins shall be made of shapes, or riveted plate or lattice girders. Trussed 
purlins will not be allowed. Main members of trusses shall be designed so that the neutral axes 
of intersecting members shall meet in a common point, or if this is not possible the eccentric 
stresses shall be calculated and provided for. 

19. Floorbeams.—Floorbeams shall generally be rolled steel beams and shall be riveted to the 
floor girders by means of connection angles. Floor girders may be rolled beams or plate girders 
and shall be riveted to columns by means of connection angles. Shelf angles may be provided 
for convenience during erection. 

The flange plates of all girders shall be limited in width so as not to extend beyond the outer 
line of rivets connecting them to the angles, more than 4 inches, or more than 8 times the thickness 
of the thinnest plate. For fireproof floors, floorbeams shall generally be tied together with tie 
rods at intervals not to exceed 8 times the depth of the beams. Tie rods are not required with 
reinforced concrete floors where the reinforcement is rigidly fastened to all outside beams and 
girders. Holes for tie rods, where the construction of the floor permits, shall be spaced 3 inches 
above the bottom of the beam. 

Where more than one rolled beam is used to form a girder, they shall be connected by cast 
iron or steel separators and bolts spaced at intervals of not more than 5 feet. All beams having a 
depth of 12 inches and more shall have at least 2 bolts to each separator. 

20. Wall Plates.—Bearing stones of granite, crystalline sandstone, or metal plates shall be 
used to reduce or distribute the pressure on the wall under the ends of wall beams, girders and 
trusses. 

21. Wall Anchors.—The wall ends of beams, girders, and columns shall be anchored securely ° 
to give rigidity to the structure. 

22. Minimum Thickness of Metal.—No plate or rolled section, having a thickness of less 
than { in. shall be used except for fillers. 

23. Bracing.—Lateral, longitudinal and transverse bracing shall preferably be composed of 
rigid members. i 

24. Material.—All parts of the structure shall be of rolled steel except column bases, bearing 
plates, separators or minor details which may be of cast iron or cast steel. The steel shall be 
made by the open-hearth process. All rolled steel, cast steel and cast iron shall comply with the 
“Specifications for Structural Steel for Buildings’ adopted by the American Society for Testing 
Materials and printed in Chapter XV. ; } 

25. Stresses.—All parts of the structural framework shall be designed for the same unit 

“stresses as for steel frame buildings given in sections 32 to 46 inclusive of “Specifications for 
Steel Frame Buildings” in Chapter I. ] ; 

26. Details of Construction.—The details of construction shall comply with the specifications 

_ for steel frame buildings given in sections 78 to 117 inclusive of ‘Specifications for Steel Frame 
Buildings,” in Chapter I. ee f 

27. Workmanship.—The workmanship shall be equal to the best practice in modern bridge 
works and shall comply with sections 143 to 186 inclusive of ‘‘Specifications for Steel Frame 
Buildings” in Chapter I. ; : ; : 

28. Inspection and Testing at Mill and Shop.—The specifications are the same as given in 
sections 187 to 193 inclusive in “‘Specifications for Steel Frame Buildings” in Chapter I. 


ERECTION. 


29. Tools.—The contractor shall furnish at his expense all necessary tools, derricks, hoists, 
staging and material of every description required for the erection of the work, and shall remove 


same when the work is completed. 4 : 
30. Risks.—The contractor shall assume all risks from storms or accidents, unless caused by 
the negligence of the owner, and all damage to adjoining property and to persons until the work 
is completed and accepted. ) ; , bye 
31. The contractor shall comply with all ordinances or regulations appertaining to the work. 
32. Details of Erection.—The structural steel and iron work shall be erected as rapidly as 
the progress of the other work on the building will permit. Bases, bearing plates and ends of 


4 
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girders which require to be grouted, shall be supported exactly at the proper level by means of 
steel wedges. Structural steel and ironwork shall be set accurately to the established lines and 
levels. The steel and iron must be plumb and level before riveting is commenced and must be 
kept in position until final completion. Temporary bracing shall be provided to resist the stresses 
due to derricks and other erection equipment. Elevator shafts shall be plumbed from top to 
bottom with piano wire. Riveted connections shall be carefully drawn up before riveting is 
commenced. Not less than one-third the holes shall be filled with field bolts, drawn up tight. 
All field connections shall be riveted. Pneumatic hammers shall be used in driving field rivets. 
Rivets must have a sufficient length to completely fill the holes and to form full heads. Rivets 
must be tight with full concentric heads. Loose or imperfect rivets must be cut out and redriven, 
recupping or calking will not be permitted. Holes which will not admit a cold rivet must be 
reamed. Where bolts are permitted, washers not less than +} in. thick shall be used under the 
nuts, the nuts shall be drawn tight and the threads checked with a chisel. Connections to cast 
iron and for separators in steel beams may be bolted. 


REFERENCES.—For the details of the design of tall buildings the following books may be 
consulted: Kidder’s “Architects and Builders Pocketbook”; Freitag’s ‘Fire Prevention and 
Fire Protection”; Freitag’s ‘‘ Architectural Engineering”; Ketchum’s ‘‘The Design of Steel Mill 
Buildings.’’ 

For a full discussion of foundations for steel office buildings, see Jacoby and Davis, ‘‘ Founda- 
tions of Bridges and Buildings,” published by McGraw-Hill Book Co. 


CHAPTER III. 
STEEL HIGHWAY BRIDGEs. 


Definition.—A truss is a framework composed of individual members so fastened together 
that loads applied at the joints produce only direct tension or compression. The triangle is the 
only geometrical figure in which the form is changed only by changing the lengths of the sides. 
In its simplest form every truss is a triangle or a combination of triangles. The members of the 
truss are either fastened together with pins, pin-connected, or with plates and rivets, riveted. 

Types of Truss Bridges.—The bridge in Fig. 1 consists of two vertical trusses which carry 
the floor and the load; of two horizontal trusses in the planes of the top and bottom chords, re- 
spectively, which carry the horizontal wind load along the bridge, and of cross-bracing in the planes 
of the end-posts, called portals, and in the planes of the intermediate posts, called sway bracing. 


fortal-~ 
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Fic. 1. DIAGRAMMATIC SKETCH OF A THROUGH PRATT Truss HIGHWAY BRIDGE. 


The floor is carried on joists or stringers placed parallel to the length of the bridge, and which are 
supported in turn by the floorbeams. The names of the different parts of the bridge are shown 
in Fig. 1. The main ties, hip verticals, counters and intermediate posts are together called 
“webs.” The bridge shown in Fig. 1, is a through pin-connected highway bridge of the Pratt 
type, the traffic passing through the bridge. Ina deck bridge the roadway floor is carried on top 
of the main trusses. The bridge shown has square abutments; if the abutments are not at right 
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angles to the center line the bridge is called a ‘“‘skew”’ bridge. Short span highway and railway 


bridges have low trusses and no top lateral system nor portals, as in Fig. 2. In a railway bridge 
the loads are carried to the panel points by stringers resting on or riveted to the floorbeams. 
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Fic. 2. PLAN oF A Low or ‘“‘Pony”’ Truss HiGHway BRIDGE. 


The simplest type of bridge is the beam bridge, (a) Fig. 3. Beam bridges commonly consist 
of I beams which span the opening, and are placed near enough together to carry the floor of the 
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(a) Beam Bridge. (a) Low Warren Truss. 
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(b) Beam Leg Bridge. — (e) Low Pratt Truss. Half Hip. 


(c) Truss Leg Bridge. (f) Low Pratt Truss. Full Slope. 


Fic. 3. Types or SHortT Span HicHway BRIDGES. 


bridge. Where foundations are relatively expensive the beams may be carried on posts as in 
(b), Fig. 3. A truss leg-bridge is shown in (c), Fig.3. Types (b) and (c) unless constructed with 
great care make inferior structures and are not to be recommended. A Warren truss is a combi- 
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nation of isosceles triangles as shown in (d), Fig. 3 and in (c) and (d), F ig. 4. The Pratt truss 
has its vertical web members in compression while its diagonal web members are in tension, as 
shown in (b), Fig. 4. The Warren truss is commonly built with riveted joints while the Pratt 
truss is usually built with pin-connected joints. The Warren low truss with riveted joints as 
shown in (d) is generally preferred in place of the low Pratt truss in either (e) or (f), Fig. 3. The 
Howe truss has its vertical web members in tension, and its inclined web members in compression 
as shown in (a), Fig. 4. The upper and lower chords and the inclined members of a Howe truss 
_ are commonly made of timber, while the vertical tension members are iron or steel rods or bars. 
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Fic. 4. Types or HicH Truss STEEL BRIDGES. 


The Whipple truss, (e) Fig. 4, is a double intersection Pratt truss. This truss was designed 
to give short panels in long spans which have a considerable depth. The stresses in the Whipple 
truss are indeterminate for moving loads, and its use has been practically abandoned, the Balti- 
more truss, (g) Fig. 4 being used in its place. The quadrangular Warren truss with riveted joints 
is used by the American Bridge Company as a standard truss for through highway bridges, with 
spans of from 80 to 170 ft. Like the Whipple truss its stresses are indeterminate for moving loads. 

For spans of from, say, 170 to 240 ft. it is quite common to use pin-connected trusses of the 
Pratt type having inclined chords as in (f), Fig. 4. The K-bracing in (h) or (j) is more economical 
of material and gives smaller secondary stresses than the subdivided bracing in (g) and (i), and 
is rapidly replacing both forms of bracing shown. 

The Baltimore truss, (g) Fig. 4, is a Pratt truss with parallel chords in which the main panels 
have been subdivided by an auxiliary framework. The auxiliary framework may have struts 
as in (g), or ties as in (i), Fig. 4. The Baltimore truss with inclined upper chords, (i) Fig. 4, is 
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called a Petit truss. Baltimore and Petit trusses are statically determinate for all conditions 
of loading; are economical in construction and satisfactory in service, and .have almost entirely 
replaced the Whipple truss for long span bridges. 

The types of simple bridge trusses described above are those that are in the most common 
use, although quite a number of other types of trusses have been used and abandoned. 

Beams and Plate Girders.—For spans of, say, 30 ft. and under rolled beams are often used to 
carry the roadway, while for spans from about 30 to 100 ft. plate girders are used for city bridges. 
When the roadway is carried on top of the girders, the bridge is called a deck plate girder bridge, 
and when the roadway passes between the girders, the bridge is called a through plate girder 
bridge as in Fig. 19. 
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(@) SWING BRIDGE, CENTER BEARING (b) Swine BRIDGE, TURNTABLE BEARING 


Fic. 5. SWING BRIDGES. 


Swing Bridges.—Swing bridges may be made of plate girders or trusses, and may turn on a 
center pivot as in (a), or on a turntable supported on a drum as in (b), Fig. 5. The center pivot 
swing bridge has two spans continuous over the pivot support, while the turntable swing bridge 
has three spans ordinarily continuous over the middle supports. 

Steel Arches.—Steel arch bridges are made (1) with three hinges, (2) with two hinges, and 
(3) without hinges, and may have solid webs, or spandrel or open webs. 

Cantilever Bridges.—A cantilever bridge consists of two anchor spans, which support a 
suspended or channel span. The shore ends of the anchor spans are anchored to the shore piers 
and are supported on the river piers. 

Suspension Bridges.—In a suspension bridge the roadway is supported by hangers attached 
to the main cables. Stiffening trusses are placed above the plane of the roadway to assist in 
distributing the live loads and for the purpose of increasing the rigidity of the structure. 

Simple truss bridges, beam and plate girder bridges, only, will be considered in this book. 

TYPES OF STRUCTURE.—The types of structure for steel highway bridges as recommended 
by the author are given in section 3, ‘‘ General Specifications for Steel Highway Bridges,” printed 
in the last part of this chapter. 

The following data will show present standard practice. 

Illinois Highway Commission.—The types of highway bridge recommended by the commis- 
sion are as follows: 

Concrete Bridges.—For culverts requiring a waterway of 12 square feet or less, plain or rein- 
forced concrete arch culverts or square culverts, reinforced concrete pipes or double strength cast- 
iron pipe. 

ee culverts having an area of more than 12 square feet, and for bridges having a span up to 
30 ft., reinforced concrete slabs, plain or reinforced concrete arches. 

For spans of 30 ft. to 65 ft., reinforced concrete through or deck girders, plain or reinforced 
concrete arches. 

For spans greater than 65 ft., plain or reinforced concrete arches. 

_ _ Steel Bridges.—For spans of 12 ft. to 45 ft., steel I-beams; for spans of 30 ft. to roo ft., plate 
girders or riveted pony trusses; for spans of go ft. to 160 ft., riveted trusses with parallel chords; 
for spans of 160 ft. and more, riveted or pin-connected trusses with parallel or inclined upper chords. 

Iowa Highway Commission.—The types of highway bridges recommended by the commission 
are as follows: 

Concrete Bridges.—Box culverts for spans up to 16 ft.; slab bridges for spans from 14 ft. to 
25 a poten culverts and bridges for spans of 6 ft. and over; girder bridges for spans of from-24 ft. 

Steel Bridges.—Steel I-beams up to 32 ft. span; plate girders, 20 ft. to 80 ft. span; low truss 
30 ft. to 100 ft. span; high truss 100 ft. span and over, riveted up to 140 ft. span. 
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Massachusetts Public Service Commission.—The types of highway bridge recommended by 
_ the commission are as follows: 

Steel Bridges——For spans up to 20 ft., wooden stringers or rolled beams; for spans from 20 ft. 
to 40 ft., rolled beams or plate girders; for spans from 40 ft. to 70 ft., plate girders; for spans from 
70 it. to 100 ft., plate girders or riveted trusses; for spans from 100 ft. to 125 ft., riveted trusses; for 
spans from 125 ft. up, riveted or pin trusses. 

Wisconsin Highway Commission.—The types of highway bridge recommended by the com- 
mission are as follows: 

Concrete Bridges.—Spans of 1} ft. to 10 ft., slab culverts and bridges; spans 10 ft. to 18 ft., 
slab bridges; spans Io ft. to 40 ft., through girders. 

Steel Bridges —Spans 1I0 ft. to 38 ft., rolled beams; spans 35 ft. to 80 ft., Warren riveted low 
trusses or plate girders; spans 80 ft. to 135 ft., Pratt riveted high trusses; spans over 135 ft., riveted 
high trusses with curved chords. : 


WIDTH OF ROADWAY.—The following data will show standard practice. 

. Illinois Highway Commission.—The widths of roadways are specified for State Aid Routes, 
Principally Traveled Roads, and Secondary Roads. 

On Designated State Aid Routes.—Bridgés up to and including Io ft. span, 20 to 30 ft. roadway; 
bridges over Io ft. up to and including 60 ft. span, 18 to 24 ft. roadway; bridges over 60 ft. span, 
16 to 20 ft. roadway. : 

On Principally Traveled Roads.—Bridges and culverts Io ft. or less in span, 20 to 30 ft. road- 
way; bridges over ro ft. and up to and including 60 ft. span, 16 to 20 ft. roadway; bridges over 60 
ft. span, 16 to 18 ft. roadway. 

On Secondary Roads.—Bridges and culverts Io ft. or less in span, 18 to 24 ft. roadway; bridges 
over 10 ft. span, 16 ft. roadway. 

Culverts Under Fills —The length of the barrel of the culvert shall have a length that will 
permit of side slopes of 1} horizontal to 1 vertical, and a top width of 20 to 30 ft. on State Aid 
Routes, 20 to 30 ft. on Principally Traveled Roads, and 18 to 24 ft. on Secondary Roads. 

Iowa Highway Commission.—The widths of roadway for highway bridges as recommenedd 
by the commission are as follows: 

Concrete Bridges.—For box or arch culverts with spans of 2 ft. to 16 ft., 24 ft. roadway for 
county roads, and 20 ft. for township roads; for slab bridges with spans over 16 ft. span, 20 ft. 
roadway for county roads, and 18 ft. for township roads; for girder bridges over 16 ft. span, 20 ft. 
roadway; for arches over 16 ft. span, 24 ft. roadway for county roads, and 20 ft. for township roads. 
The slopes on fills shall be 13 horizontal to 1 vertical. 

Steel Bridges.—A roadway of 20 ft. on county roads, for all spans, and 18 ft. on township roads 
for all spans. The minimum legal width of roadway is 16 ft. 

Association of State Highway Departments.—The following minimum widths of concrete 
bridges are recommended. 

For First Class Roads——Culverts under 12 ft. span, 24 ft. roadway; slab bridges over 12 ft. 
span, 20 ft. roadway; all other spans 20 [t. roadway. 

For Second Class Roads.—Culverts under 12 ft. span, 20 ft. roadway; slab bridges over 12 ft. 
span, 18 ft. roadway; all other spans, 18 ft. roadway. 

For Third Class Roads.—Culverts under 12 ft. span, 20 ft. roadway; slab bridges over 12 ft. 
span, 18 ft. roadway; longer bridges, 16 ft. roadway. 

The above widths of concrete bridges have been adopted by the Wisconsin Highway Com- 


mission. 


LOADS.—The loads carried by a bridge consist of (1) fixed or dead loads, (2) the moving or 
live load, and (3) miscellaneous loads. 

The dead load consists of the weight of the structure and is always carried by the bridge; the 
live load consists of the moving load which the bridge is built to carry, while the miscellaneous 
loads include wind loads, snow loads, etc. Data on dead loads are given in the “ Specifications for 
Steel Highway Bridges ”’ in the last part of this chapter. 


WEIGHTS OF BRIDGES.—The weight of a bridge is composed of (1) the weight of the steel 
in the steel framework, consisting of the vertical trusses, the upper and lower lateral systems, the 
floorbeams, the portals and sway bracing; (2) the weight of the joists and the fence; and (3) the 
weight of the floor covering. 
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WEIGHTS OF STEEL HIGHWAY BRIDGES.—The following data may be used in calcu- 
lating the dead loads in the design of highway bridges or as a basis for preliminary estimates. 


AMERICAN BRIDGE COMPANY.—Standard Steel Highway Bridges with Timber Floor. 
Timber floor, 3-in. plank on roadway and 2-in. plank on footwalks. Live loads for floor and its 
supports, 100 lb. per sq. ft. of floor surface, or 6 tons on two axles Io ft. centers and 5 ft. gage, or a 
15-ton road roller. For trusses 100 lb. per sq. ft. of roadway up toa span of 75 ft., 75 lb. per sq. ft. 
of roadway for spans of 168 ft. and over, and proportional for intermediate spans. No allowance 
is made for impact. Designed for allowable stresses given in specifications in the latter part of this 
chapter. Let W = weight of the structural steel per lineal foot of span; L = length of span in feet, 
b = width of roadway in feet (without sidewalks). 

1. Steel Through Plate Girders.—Through plate girder spans 36 ft. to 70 ft., roadway 20 ft. 
wide, without sidewalks, but including stringers. The weight of structural steel per lineal foot 
of span is 

W = 300 + 3.8L. (1) 


For sidewalks with steel joists add about 12 lb. per sq. ft. of sidewalks. 

2. Steel Low Riveted Truss Spans, with Timber Floor.—For low truss spans 36 ft. to 102 ft., 
with timber floors, the weight of structural steel per lineal foot of span, not including the weight 
of the stringers and the railing, is given approximately by the formula for a 16-ft. roadway 


W = 100 + 2.0L. (2) 
and for a 20-ft. roadway 
W =150+ 1.7L. (3) 


3. Steel Low Riveted Truss Spans, with Reinforced Concrete Floors.—For low truss spans 
36 ft. to 102 ft., with reinforced concrete floors, 5 in. thick with 6 in. of gravel at center and 3 in. 
of gravel at curb, the weight of structural steel per lineal foot of span, not including the weight of 
the stringers and the railing, is given approximately by the formula for a 16-ft. roadway 


W = 150 + 3.5L. (4) 
and for a 20-ft. roadway 


W = 185 + 3.5L. (5) 


4. Steel High Truss Spans, with Timber Floor.—For high truss spans 104 to 204 ft., with 


timber floors the weight of structural steel per lineal foot of span, not including the weight of the 
stringers and the railing, is given approximately by the formula for a 16-ft. roadway 


W = 250+ 1.5L. (6) 
and for a 20-f{t. roadway 
W = 285 + 1.2L. (7) 


IOWA HIGHWAY COMMISSION.—Steel Highway Bridges with Reinforced Concrete 
Floor.—Reinforced concrete floor slabs 6 in. thick for all spans in which stringers are used. Slabs 
for stringerless floors 73 in. thick for 8-ft. span, 8 in. thick for 9-ft. span, and 84 in. thick for ro-ft. 
span. Live loads for the floor and its supports a uniform live load of 100 Ib. per sq. ft., and a 15-ton 
traction engine with two-thirds of the load on the rear axle; axles spaced 11 ft. centers, and rear 
wheels spaced 6 ft. centers. Rear wheels 22 in. wide. The trusses are to be designed for the 
uniform loads given in Table I. No allowance is made for impact. 

Let W = weight of structural steel in Ib. per lineal foot of span; L = length of span in feet; 
b = width of span in feet (without sidewalks). 

1. Steel Beam Spans.—The weight of steel beam spans from 16 ft. to 32 ft. and with 16-ft., 
18-ft., and 20-ft. roadway are given in Table IX. 
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2. Steel Low Truss Spans, with Stringers.—For low truss highway bridges with spans of 
35 ft. to 85 ft., not including the weight of the fence or the steel stringers, the weight of structural 
_ steel per lineal foot of span for a 16-ft. roadway is 


W = 235 + 2.35L. (8) 
and for an 18-ft. roadway is 
W = 240 + 2.40L. (9) 


3. Steel Low Truss Spans, without Stringers.—For low truss highway bridges with spans of 
35 ft. to 100 ft., not including the weight of the fence or steel floorbeams, the weight of the struc- 
tural steel per lineal foot of span for a 16-ft. roadway is 


W = 200+ 4L. 5 (io) 
and for an 18-ft. roadway is i 
W = 225 + 4.25L. (11) 


4. Steel High Truss Spans, with Stringers.—For high through truss highway bridges with 
spans of from 90 ft. to 150 ft., not including the weight of fence or the steel stringers, the weight of 
structural steel per lineal foot of span for a 16-ft. roadway is 


W = 245 + 2.45L. (12) 
and for an 18-ft. roadway is 
W = 270 + 2.7L. (13) 


WISCONSIN HIGHWAY COMMISSION. Steel highway bridges with reinforced con- 
crete floor.—Reinforced concrete floor slabs 6 in. thick for all spans. Live loads for the floor and 
its supports a 15-ton road roller with two-thirds of the load on the rear axle, axles 10 ft. centers, 
rear rolls 4 ft. 10 in. centers, rear rolls 20 in. wide. The trusses designed for the loads given in 
Table I. No allowance is made for impact. Let W = weight of structural steel in lb. per lineal 
foot of span, Z = length of span in feet; b = width of roadway in feet (without sidewalks). 

1. Steel Beam Spans.—Weight of steel beam spans from 1o ft. to 38 ft. and for 16-ft., 18-ft. 
and 20-ft. roadway are given in Table X. 

2. Steel Through Plate Girders.—The weight of the structural steel in through plate girder 
highway bridges from 35 ft. span to 80 ft. span including floorbeams spaced 3 to 2% ft. apart, is 
given approximately by the following formula. Fora 16-ft. roadway 


W = 300 + 3L. (14) 
For an 18-ft. roadway 
W = 300 + 3.25L. (15) 
and for a 20-ft. roadway : 
W = 320+ 4L. (16) 


3. Steel Low Truss Spans, with Stringers.—The weight of the structural steel in low truss 
steel highway bridges with spans of 35 ft. to 85 ft. span, not including the weight of the fence or 
the steel stringers, is given approximately by the formula. For a 16-ft. roadway 
and for an 18-ft. roadway 

W = 80 + AL. (18) 

4. Steel High Truss Spans, with Stringers.—For high through truss steel highway bridges 
with spans of from go ft. to 150 ft., not including the weight of the fence or the steel joists, the 
weight of structural steel per lineal foot of span is given approximately by the formula, Fora 


16-ft. roadway 
W = 180 + 2L, (19) 


d for an 18-ft. roadway 
Es W = 240+ 2L, (20) 
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ILLINOIS HIGHWAY COMMISSION. Steel highway bridges with reinforced concrete 
floor.—Reinforced concrete floor slabs 4 in. thick with a wearing surface assumed to weigh not 
less than 50 lb. per sq. ft. Live load for floor and its supports a 15-ton traction engine, supported 
on two axles spaced 10 ft. apart, with two thirds of the load on the rear axle; or a uniform live load 
of 125 lb. per sq. ft. The trusses designed for the loads given in Table I. No allowance is made 
for impact. 

Let W = weight of steel in lb. per lineal foot of span, ZL = span of bridge in feet, }. = width of 
roadway in feet (without sidewalks). : 

1. Steel Low Truss Spans, with Stringers.—The weight of the structural steel in low truss 
steel highway bridges with spans of 50 ft. to 85 ft., not including weight of the fence or the steel 
stringers, is given approximately by the formula. For a 16-ft. roadway, b = 16 ft. 


W = 235 + 2.35L. (21) 
and for an 18-ft. roadway, b = 18 ft. 
W= 240 + 2.4L. (22) 


2. Steel High Truss Spans, with Stringers.—The weight of structural steel in high truss steel 
highway bridges with spans of 90 ft. to 160 ft., not including the weight of fence or the steel string- 
ers, is given approximately by the formula. For a 16-ft. span, b = 16 ft. 


W = 140+ 4L. (23) 
and for an 18-ft. span, b = 18 ft. 
W = 180+ 4.5L. (24) 


The weights given by formulas (21) to (24) are for bridges with concrete floors weighing 
100 lb. per sq. ft. ‘Calculations by Mr. Clifford Older, Bridge Engineer, Illinois Highway Com- 
mission, show that a variation of the weight of the floor of 10 lb. per sq. ft. makes a similar variation 
in the weight of the structural steel, including the joists, of 4.35 per cent for a 50-ft. span, of 3.75 
per cent for a 160-ft. span, and proportional for intermediate spans. For the structural steel, not 
including the joists, an average value of 4 per cent may be used for each decrease of 10 Ib. per sq. 
ft. of floor surface. 

BOSTON BRIDGE WORKS STANDARDS.*—The weights of steel highway bridges 
designed by the Boston Bridge Works are as follows: 

Through truss highway bridges without sidewalks designed for a live load of 80 Ib. per sq. ft. 
for the trusses, 100 Ib. per sq. ft. and a 6-ton wagon for the floor The weight, w, of steel in Ib. 
per sq. ft. of area covered by the floor, not including joist or fence, for a span of L ft., is 


w=5+ L/9.5 (25) 
The weight of through truss highway bridges with two sidewalks is 
w= 2.8 + L/11.3 (26) 


The sidewalks were 5 or 6 ft. wide, and the clear roadways were 16 to 20 ft. The total area 
covered by the roadway and sidewalk floors is to be used in calculating the weight of steel. 

Weights of Steel Highway Plate Girder Bridges.—The weights of highway plate girder 
bridges as designed by the Boston Bridge Works for the live loads shown are as follows. 

Deck plate girder highway bridges without sidewalks designed for a live load of 100 lb. per 
sq. ft. for girders, 100 lb. per sq. ft. and a 6-ton wagon for the floor. The weight, w, of steel in 
Ib. per sq. ft. of area covered by the floor, not including joist or fence, for a span of L ft., is 


w= 2.5 + L/3.4 (27) 


* Published by permission of John C. Moses, Chief Engineer. 
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The weight of deck plate girder highway bridges with sidewalks is 
w= 2.5 + L/4.4 (28) 
The weight of through plate girder highway bridges without sidewalks is 
w= 3+ L/4.25 (29) 
The weight of through plate girder highway bridges with sidewalks is 
w = 3.3 + L/5.6 32 


Weight of Electric Railway Bridges.—The Boston Bridge Works gives the following formula 
for the weight of electric railway bridges, where W = total weight of steel in lb. per lineal foot of 
bridge and ZL is the span of the bridge in feet. 

Beam bridges 


W =)50 151 (31) 
Light truss bridges 
W = 200 + 0.8L (32) 
Heavy truss bridges 
W = 250+ 1.5L (33) 


The beam bridges were designed for 30-ton cars; the light truss bridges were designed for 
15-ton cars or 1,500 lb. per lineal foot of bridge, and the heavy truss bridges were designed for 
30-ton cars, or 2,000 Ib. per lineal foot of bridge. _ 

LIVE LOADS.—The live loads for highway bridges are usually assumed to consist of a uni- 
form live load for the trusses and a uniform live load or a concentrated moving load for the floor 
and its supports. A few highway bridge specifications require that trusses be designed for a con- 
centrated moving load as well as for a uniform live load, and also that the floor and its supports be 
designed for a concentrated moving load and that the portion of the floor of the bridge not covered 
by the concentrated load be covered with a uniform live load. In calculating the stresses in the 
truss members the uniform live load is commonly assumed as applied in full joint loads at joints 
on the loaded chord. Moving loads and loads suddenly applied produce stresses that are greater 
than the static stresses due to stationary loads or to loads gradually applied. This increase in 
stress due to moving loads or due to loads suddenly applied is called impact stress. 


IMPACT.—The effect of impact or increase in live load stresses over the stresses due to the 
same loads gradually applied, is very much less for highway bridges than for railway bridges. 
Experiments made by Professor F. O. Dufour and recorded in Journal of Western Society of Engi- 
neers, June, 1913, show that the effect of impact on steel truss highway bridges with concrete floors 
is very small. The effect of impact on steel truss bridges with plank floors is considerably larger 
than for bridges with concrete floors. The maximum impact percentages do not occur with maxi- 
mum static stresses. Experiments made at the University of Colorado under the author’s direction 
show that the effect of impact on highway bridges is very much less than for railway bridges. 

The specifications of the highway commissions of Illinois, Iowa, Michigan, Nebraska and 


Wisconsin do not add impact for highway bridges. 

The allowance for impact of the Massachusetts Railway Commission is as follows: For 
stringers, floorbeams and hangers, when loaded with a 20-ton auto truck, 50 per cent; for all other 
loads, floorbeams and stringers, 25 per cent; floorbeam hangers, 40 per cent; counters, 40 per cent; 
for all other members in trusses, and for main girders the percentage shall be 263 minus one- 
twelfth the loaded length in feet, with a maximum of 25 and a minimum of Io per cent. 

Mr. J. A. L. Waddell in ‘‘Bridge Engineering” specifies that highway bridges shall be designed 
for the impact allowance, J = 100/(nL + 200), where L is the loaded length of the bridge in feet 
that produces maximum stress and 7 is the total clear width of the roadway and footwalks divided 
by twenty. The above impact allowance is made for motor-truck loadings but not for road-roller 


loadings. 
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The specifications for steel bridges prepared by the U. S. Office of Public Roads, and the 
specifications for steel bridges of the West Virginia Highway Commission and the Oregon Highway 
Commission specify the impact factor, J = 100/(L + 300), where L is the loaded length of the 
bridge in feet that produces maximum stress in the member. 

The Montana Highway Commission specifies 25 per cent impact. 

The Department of Public Roads of Kentucky requires no impact allowance for bridges with 
concrete floors, and 25 per cent for bridges with wooden floors. : 

The Utah Highway Commission specifies 25 per cent impact for floors, and 15 per cent for 

trusses. 
For concrete highway bridges the impact allowance varies from no impact allowance, as 
specified by the highway commissions of Illinois, lowa, Michigan, Nebraska and Wisconsin; an 
allowance of 15 per cent of the live load, as specified by the highway commission of West Virginia, 
to an allowance of 50 per cent of the live load, as specified by the U. S. Office of. Public Roads. 
Watson’s “General Specifications for Concrete Bridges,” third edition, 1916, uses an impact al- 
lowance of J = 150/(Z + 300), where L is the loaded length of the bridge in feet that produces 
maximum stress. 


Ketchum’s Specifications for Impact.—The author has adopted the following impact factors 


for concrete bridges and steel bridges. 

(a) For concrete arches with spandrel filling on culverts with a minimum filling of one foot, 
no allowance for impact. 

(b) For concrete slab and girder bridges and trestles, and arches without spandrel filling, 30 
per cent for impact. 

(c) For steel bridges the following allowance for impact. For the floor and its supports in- 
cluding floor slabs, floor joist, floorbeams and hangers, 30 per cent. 

For all truss members other than the floor and its supports, the impact increment shall be 
I = 100/(L + 300), where L = length of span for simple highway spans (for trestle bents, towers, 
movable bridges, arch and cantilever bridges, and for bridges carrying electric trains, L shall be 
taken as the loaded length of the bridge in feet producing maximum stress in the member). 


CONCENTRATED LIVE LOADS.—Traction engines weighing 20 tons are quite common in 
the west and northwest. The heaviest motor truck in common use has a capacity of 74 tons and 
a total weight of 13 tons, with nearly 10 tons on the rear axle. With an overload of 50 per cent, 
which is not unusual, this truck would carry 14 tons on the rear axle. The maximum road roller 
weighs 20 tons. 


The highway commissions of the different states have adopted concentrated live loads as fol- 
lows: Illinois specifies a 15-ton traction engine; Iowa specifies.a 15-ton traction engine for bridges 
with reinforced concrete floors; Wisconsin specifies a 15-ton road roller; Michigan specifies an 18-ton 
road roller; Nebraska specifies a 20-ton traction engine; Minnesota specifies a 20-ton traction 
engine; New York specifies a 15-ton road roller; all loadings to be used without impact. 

Utah specifies an 18-ton road roller with 25 per cent impact; Oregon specifies a 15-ton road 
roller for medium traffic and a 20-ton road roller for heavy traffic; Ohio specifies a 15-ton concen- 
trated load with 163 per cent impact; Montana specifies a 20-ton traction engine with 25 per cent 
impact; the Massachusetts Railway Commission specifies a 20-ton motor truck with 14 tons on the 
rear axle, with an allowance of 50 per cent for impact on the floor and its supports; Mr. J; A. L. 
Waddell in “Bridge Engineering” specifies for class A bridges an 18-ton motor truck with impact 
allowance as given above. 


For additional data see article entitled ‘Concentrated Live Loads for Highway Bridges,” 
by Milo S. Ketchum, printed in University of Colorado Journal of Engineering, October, 1916: 


Ketchum’s Specifications for Concentrated Moving Loads.—The author has adopted the 
following specifications for moving concentrated loads. 


(a) That highway bridges on main roads or near towns or cities shall be designed to carry 
a 20-ton motor truck with axles spaced 12 ft. and wheels with a 6-ft. gage, with 14 tons on rear axle 
and 6 tons on front axle. The truck to occupy a space Io ft. wide and 32 ft. long. The rear wheels 
to have a width in inches equal to the total load in tons (20 in. for a 20-ton truck). 

(b) That bridges not on main roads shall be designed for a 15-ton motor truck with axles 
spaced to ft. and wheels with a 6-ft. gage, and occupying a space 10 ft. wide and 30 ft. long, with 
10 tons on rear axle and 5 tons on front axle, and with rear wheels 15 in. wide. 

(c) To provide for impact and vibration and unevenness of road surface thirty (30) per cent 
is to be added to the maximum live load stresses. Only one motor truck is to be assumed to be on 
a bridge at one time. 
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Motor trucks have narrower tires and are driven at greater speeds than traction engines, and 
therefore not only produce greater static stresses in the floor, but should have a greater impact 
allowance. In view of the above, it would not appear to be necessary to consider any road rollers 
or traction engines now in use in addition to the above motor-truck loadings. 


DISTRIBUTION OF CONCENTRATED LOADS.—In designing floor slabs, floor stringers 
and floorbeams it is necessary to know the distribution of the concentrated loads. 

Concrete Floor Slabs.—Tests of the distribution of concentrated loads on concrete floor slabs 
have been made by the Ohio Highway Commission, the results of which are given in Bulletin No. 
28, published by the Commission; by Mr. W. A. Slater at the University of Illinois and described 
in Proceedings of American Society for Testing Materials, Vol. XIII, 1913, and by A. T. Goldbeck 
and E. B. Smith, described in Journal of Agricultural Research, Vol. VI, No. 6, Department of 
Agriculture, Washington, D. C., May 8, 1916. 

Ohio Tests.—The following conclusions drawn from the Ohio tests are of interest: 


“The percentage of reinforcement has little or no effect upon the distribution to the joists, so 
long as safe loads on the slabs are not éxceeded. 

“ The outside joists should be designed for the same total live load as the intermediate joists. 

“The axle load of a truck may be considered as distributed over 12 ft. in width of roadway. 

“The safe value for‘ effective width’ of a slab, where the total width of slab is greater than 
1.33 L + 4 ft. is given by the formula, e = 0.6L + 1.7 ft., where e = effective width (width over 
which a single concentrated load may be considered as uniformly distributed on a line down the 
middle of the slab parallel to the supports) and LZ = span in feet.” 

Slater Tests—It was recommended that where the total width of slab is greater than twice 
the span, the effective width be taken as e = 4x/3 + d, where x is the distance from the concen- 
trated load to the nearest support, and d is the width at right angles to the support over which the 
load is applied. While the depth of slab and the amount of longitudinal reinforcement had little 
effect on the distribution, it was recommended that the latter be limited to 1 per cent. 

Goldbeck and Smith Tests.—Tests were made on three slabs, each slab being 32 ft. wide, 16 ft. 
span, and with effective depths of 10.5 in., 8.5 in. and 6 in., respectively. All slabs were made of 
1-2-4 Portland cement concrete, and were reinforced with 0.75 per cent of mild steel. 

The following conclusions were drawn from these tests: 

(1) The effective width decreases as the effective depth increases; the effective width for safe 
loads being 75.7 per cent; 81.1 per cent, and 109.3 per cent of the span, for the slabs having effective 
depths of 10.5 in., 8.5 in. and 6 in., respectively. : 

(2) For slabs in which the ratio of the width of the slab is not less than twice the span length, 
the effective width may be taken as 

e=o7L (34) 


where ¢ is the effective width and Z is the span length. | 

(Additional tests by Goldbeck, Proceedings American Concrete Institute, 1917, show that 
formula (34) may be used when the width of the slab is not less than the span.) 

Watson’s ‘‘ General Specifications for Concrete Bridges,” third edition, 1916, specifies that con- 
centrated loads on reinforced concrete slabs may be assumed as distributed over a distance of 4 ft. 
at right angles to the supports, and a distance parallel to the supports equal to 2 ft. plus three- 
tenths of the span of the slab. 


The State Highway Department of Ohio uses the following distribution of concentrated loads 


on floor slabs. 
For spans less than 6 ft. the percentage, , of the wheel load carried by one foot in width of 
slab for a span in feet, /, is given by the formula 


b = 42 — 41 (35) 


while for spans greater than 6 ft. the percentage, p’, of the wheel load carried by one foot in width 
of slab for a span in feet, /, is given by the formula 


pb’ = 20 — 0.41 (36) 


For a span of 53 ft., from formula (35), p = 20 per cent, and the concentrated load is assimed 
as carried by a slab 5 ft. wide, applied on a line parallel to the supports. : 

For a span of 10 ft., from formula (36), 6’ = 16 per cent, and the concentrated load is assumed 

as carried by a slab 6.67 ft. wide, applied on a line parallel to the supports. 
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Fioor Stringers and Floorbeams.—The Illinois Highway Commission specifies that longi- 
tudinal stringers be spaced not more than 23-ft. centers, and that each stringer be designed for 20 
per cent of the rear axle load concentrated at the center of the span when a concrete sub-floor is 
used, and 25 per cent of the rear axle load when a plank floor is used. Transverse stringers or 
floorbeams, spaced not more than 23-ft. centers, shall be designed to carry 40 per cent of the rear 
axle load distributed over the middle ro ft. of the stringer. Floorbeams shall be designed for 
maximum stresses due to concentrated load. : 

The Jowa Highway Commission specifies that one-third of a wheel load be assumed as carried 
by one joist, when a concrete floor slab is used, and that one-half of a wheel load be assumed as 
carried by one joist, when a plank floor is used. 

The Massachusetts Railway Commission specifies that the wheel load on plank floors be dis- 
tributed over a width in feet equal to the thickness of the floor in inches, with a maximum distri- 
bution of 6 ft. | With solid floors each wheel load is assumed as distributed over a width of 6 ft. 

Watson’s “General Specifications for Concrete Bridges,” third edition, 1916, specifies that 
the part of the concentrated load carried by one stringer shall be found by dividing the stringer 
spacing by the gage distance of the concentrated load. With a gage distance of 6 ft. this gives 
one-third the total load fora stringer spacing of 2 ft.; one-half the total load for a stringer spac- 
ing of 3 ft.; the total load for a stringer spacing of 6 ft. 


Ketchum’s Specifications for Distribution of Concentrated Loads.—From a study of the 
various tests and specifications, the author has adopted the following rules for calculating the 
stresses in slabs, stringers and floorbeams: 
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(a) The distribution of concentrated wheel loads for bending moments in reinforced concrete 
slabs with longitudinal girders shall be calculated by the formula, 


e=2(l+c) (37) 


with a maximum limit of 6 ft. for e, where e = effective width (distance that the load may be con- 
sidered as uniformly distributed on a line down the middle of the slab parallel to the supports), 
1 = span, and c = width of tire of wheel, all distances in feet. See Fig. 6. 

(b) The distribution of concentrated wheel loads for bending moments in reinforced concrete 
slabs with transverse girders shall be calculated by the formula 


e = 2li/3-+¢ (38) 


with a maximum limit of 6 ft. for e, where e = effective width, / = span, and c = width of tire of 
wheel as defined in paragraph (a). See Fig. 7. 

(c) The distribution of concentrated wheel loads for bending moments in slabs of girder 
bridges in which the span of the bridge is not less than the width of bridge center to center of 
girders, shall be’calculated for spans of 9 ft. or over by the formula 


e = 21/3 (39) 
with a maximum limit of e = 12 ft., where e = effective width, and / = span as defined in 
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(d) The effective width for shear in beams carrying concentrated loads shall be taken the same 
as for bending moment as calculated by formula (37) or formula (38), with a minimum effective 
width of 3 ft. and a maximum effective width of 6 ft. 

The total shear for an effective width of 3 ft. shall be considered as punching (pure) shear. 
The total shear for an effective width of 4.5 ft. and over shall be considered as beam shear (a 
measure of diagonal tension), for effective widths between 3 ft. and 4.5 ft. the total shear shall be 
divided proportionally between punching shear and beam shear. Beam shear shall be used in 
calculating bond stress and as a measure of diagonal tension. 

(e) In the design of longitudinal joists or stringers with concrete floors, the fraction of the 
concentrated load carried by one stringer for spacings 6 ft. or less will be taken equal to the stringer 

spacing in feet divided by 6 ft.; with plank floors the fraction of the concentrated load carried by 

one stringer for spacings 4 ft. or less will be taken equal to the stringer spacing in feet divided 
by 4 ft., the maximum in each case being the full load. Outside stringers are to be designed for 
the same load as intermediate stringers. 

(f) In the design of transverse stringers or floorbeams with concrete floors, the fraction of the 
concentrated load carried by one floorbeam for floorbeams spaced 6 ft. or less, will be taken equal 
to the floorbeam spacing divided by 6 ft. For floorbeams spaced 6 ft. or over the entire reactions 
are assumed as carried by one floorbeam. Axle loads are assumed as distributed on a line 12 ft. 
long. 


UNIFORM LIVE LOADS FOR TRUSSES.—The uniform live loads for trusses of steel high- 
way bridges as specified by the highway commissions of Illinois, lowa and Wisconsin, the American 
Concrete Institute, 1916, and the uniform loads as specified by the author for classes D,; and D2 
are given in Table I. The D: and Dz loadings are to be taken as proportional for intermediate 
‘spans, and are to be increased for impact. 

It will be seen that the D, loadings with impact added are practically the same as the IIlinois 
loadings; while the Dz loadings with impact added are practically the same as the Iowa and Wis- 
consin loadings. 

(PABIGE ST, 


UntrorM LivE LoAps ror HiGHWAy BRIDGES. 


American Concrete Institute, 


Ulinois High- | Iowa High- Ketchum’s Specifications, 1918. 


a : : 196. 
way Commis- |way Commis- Wisconsin High- Z 
aan pion way Commission, 
p Class A. Class B. Class Dy. Class Ds. 

27 ey :, om s = ss i : = # 8 

& Es) Bs ad as) is & ao] e Fa ae) 6 Fa Jo ‘ 7 gn Fa Bs: 
oie ees ay. (88. og) ee gel. a aes cwelag 

q es 3 n> Ss Aa Q, abe ee sie iS ye 2 Sos 

n B 2) 4 a | re 4 a a 7) = wv S| 


Up to 50/125|Up to 50j100] Up to 40 |125/Up to 80/125|Up to 80|100 30 1215 30 {100 


50-100 |I00} 50-100] 90 50 120} 80-100 |/I10| 80-100] 90 50 106 50 (ere) 
100-150 |100] 100-150 | 80 75 106] 100-125 |100| 100-125 | 80 80 85 80 75 
150-200 |} 85]150-200 | 70 100 93] 125-150 | 90] 125-150] 75 100 80] 100 71 
Over 200] 85|200-250} 50 150 60} 150-200} 85] 150-200] 65 160 68 160 60 

ver 250) 50/180 and over| 5QOver 200) 80/Over 200] 60} 200 and | 60] 200 and | 50 
over over 


Class D,; and Dz bridge loadings to be increased for impact. 


UNIFORM LIVE LOADS FOR FLOORS.—The Illinois Highway Commission specifies that 
stringers and floorbeams for spans of 50 ft. and less shall be designed for a uniform live load of 125 
Ib. per sq. ft., and of spans over 50 ft. in length for a uniform live load of 100 Ib. per sq. ft., or a 
15-ton concentrated load for all spans. No allowance is made for impact. ; 

The Iowa Highway Commission specifies a live load of 100 Ib. per sq. ft. or a 15-ton traction 
engine for class ‘‘A”’ floors, and a live load of roo Ib. per sq. ft., or a 10-ton traction engine for class 
“B” floors (plank floors). No allowance is made for impact. 

The Wisconsin Highway Commission specifies that floor systems and spans under 40 ft. be 


designed for a 15-ton road roller. No allowance is made for impact. 


. 
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The Michigan Highway Commission specifies that the floor and its supports be designed for 
an 18-ton road roller, or 100 lb. per sq. ft. | No allowance is made for impact. 

The floor systems for D, bridges are to be designed for 125 Ib. per sq. ft. or a 20-ton auto truck; 
while Dz bridges are to be designed for 100 lb. per sq. ft. or a 15-ton auto truck. An impact factor 
of 30 per cent is to be added both for the uniform loads and for the auto truck. 


WIND LOADS FOR HIGHWAY BRIDGES.—tThe Illinois Highway Commission specifies a 
wind load of 25 lb. per sq. ft. on the vertical projection of both trusses and the floor system, but in 
no case shall the wind be less than 300 lb. per lineal foot on the loaded chord nor less than 150 lb. 
per lineal foot on the unloaded chord. 

The Iowa Highway Commission specifies 150 Ib. per lineal foot on the unloaded chord and 
300 lb. per lineal foot on loaded chord, all loads considered as moving loads. 

The Wisconsin Highway Commission specifies 150 lb. per lineal foot on the unloaded chord 
and 300 lb. per lineal foot on the loaded chord; 150 lbs. of the latter being considered a moving 
load. 

Cooper’s 1909 specifications require that highway bridges be designed for a lateral force of © 
150 lb. per lineal foot on the unloaded chord and a lateral force of 300 lb. per lineal foot on the 
loaded chord, 150 lb: of the load on the loaded chord being treated as a moving load. For spans 
exceeding 300 ft. add in each case above Io lb. for each additional 30 ft. : 

The author’s specifications for wind loads are given in ‘‘ General Specifications for Steel High- 
way Bridges’’ given in the latter part of this chapter. 


DESIGN OF HIGHWAY BRIDGE FLOORS. Types of Floors.—The choice of floor for a 
highway bridge depends upon the traffic, the cost, including first cost and cost of maintenance, and 
the climate. A highway bridge floor consists of a sub-floor which has the necessary strength to 
carry the loads and a wearing surface. Plank floors and reinforced concrete slabs without wearing » 
surface have the sub-floor and wearing surface combined. A highway bridge floor should have 
a strength and a weight appropriate to the structure of the bridge, and should be well drained. 
The wearing surface should be waterproof, capable of resisting wear and should be as smooth as 
possible without being slippery. For proper drainage the wearing surface should have a longi- 
tudinal grade of not less than I in 50 or a transverse slope of not less than 1 in 12. Sub-floors for 
highway bridges are made (1) of reinforced concrete; (2) of buckle plates or other steel sections, 
and (3) of timber. The most common wearing surfaces for highway bridge floors are (a) concrete, 
(b) bituminous concrete, (c) asphalt, (d) creosoted timber blocks, (e) brick, (f) stone block, (g) 
macadam, (h) gravel or earth. The different types of sub-floors and wearing surfaces for highway 
bridges will be described in some detail. ; 


Reinforced Concrete Floor Slabs.—Reinforced concrete floor slabs on steel highway bridges 
may be supported on joists or stringers and floorbeams, or by the floorbeams alone. Stringers 
are used for beam bridges and are commonly used for truss bridges, while the stringerless floor is ~ 
commonly used on plate girder bridges. The sub-floor slabs are commonly calculated to carry 
the dead load due to the weight of the slab and of the wearing surface, and a live load consisting 
of a uniform load per square foot or a concentrated moving load. The thickness of reinforced 
concrete slabs in short spans is commonly determined by the concentrated moving load. The 
stresses in reinforced concrete slabs due to a concentrated load will depend upon the distribution 
of the load over the slab. The different methods for the distribution of concentrated loads in use 
in different specifications have been described and the specifications adopted by the author have 
already been given. 


Design of Reinforced Concrete Floor Slabs.—The live loads and the distribution of loads on ~ 
floor slabs as specified by the author are given on pages 112d and 112f.. The concrete should be 
a 1-2-4 Portland cement concrete that will give a compressive strength of not less than 2,000 Ib. 
per sq. in. when tested in cylinders 8 in. in diameter and 16 in. long after having been stored for 
28 days in moist air. Allowable compression in slabs, 650 Ib. per sq. in.; allowable tensile stress 
in steel, 16,000 Ib. per sq. in., modulus of elasticity of steel to be taken as 15 times the modulus of 
elasticity of concrete, allowable shear as a measure of diagonal tension 40 Ib. per sq. in.; punching 
shear 120 Ib. per sq. in., bond stress in slabs 120 lb. per sq. in. 
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The thickness of floor slabs when supported on longitudinal joists or stringers is given in 
Table II and the thickness of floor slabs when supported on cross floorbeams (stringerless floor) 
is given in Table III. The reinforcing steel for reinforced concrete floor slabs is given in Table 
IV. The reinforcement given in the table is to be placed at the bottom of slabs calculated as 
simply supported and at top and bottom of slabs calculated as continuous or partially continuous. 
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Simply Supported, Reinforcement on Under Side Only. Fully Continuous, Reinforcement on Both Sides. 
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- Center of reinforcing 1 in. from face of slab. Impact 30 per cent. 
Reinforced as in Table IV. 


TABLE III. 
THICKNESS OF REINFORCED CONCRETE FLOOR SLABS, USED WITHOUT JOISTS. 


Simply Supported, Reinforcement on Under Side Only. Partially Continuous, Reinforcement on Both Sides. 
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Center of reinforcing 1 in. from face of slab for slabs less than 73 in. thick. — 
Genie of renters 12 in. from face of slab for slabs 73 in. and over, in thickness. 
Impact 30 per cent. of live load. 

Reinforced as in Table IV. 


i —T i floor slabs used b 
Examples of Reinforced Concrete Floor Slabs.- The reinforced concrete Ic y 
the ieetnain Highway Commission are given in Fig. 14, Fig. 15, Fig. 21 and Fig. 22. The floor 
slabs used by the Iowa Highway Commission are given in Fig. 12, Fig. 13, Fig. 17, and Fig. 24. 
For a stringerless floor the slabs used by the Iowa commission agree very closely with the values 


given in Table III. 
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TABLEDIV. 


REINFORCEMENT FOR REINFORCED CONCRETE FLOOR SLABS. 


The reinforcement given in this table is to be used at the bottom of slabs figured as simple 
supported, and at the top and bottom of slabs figured as continuous or partially continuous over 
the supports. Longitudinal reinforcement )% in. round or square bars spaced two feet centers. 


Concrete | Area of Spacing of Bars in Inches, 


Total | Outside | Steel per 
Thick- | Center Foot 
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Interpolate for intermediate slabs. 


The Illinois Highway Commission for stringer spacings of about 2} ft. uses a concrete sub- 
floor 4 in. thick, with a 4 in. concrete wearing surface, or a 3 in. creosoted timber block wearing 
surface. The concrete sub-floor, 4 in. thick, is reinforced on the under side with } in. square bars, 
spaced 6 in. centers and centers I in. above lower edge. Transverse reinforcement consists of 
2 in. square bars spaced 12 in. centers. The concrete is specified as I-2-3} mix, and is designed 
for a stress of 800 lb. per sq. in. 

The West Virginia Highway Commission specifies 1-2-4 concrete and a minimum thickness 
of slab of 5 in. to the center of the tension reinforcement. 

The Ohio Highway Commission specifies concrete slabs for different stringer spacings as 
follows: 5 in. slab for 2 ft. spacing; 6 in. slab for 3 ft. spacing; 6 in. slab for 4 ft. spacing. 

Specifications for highway bridges of the state of Nebraska specify slabs made of concrete of 
a I-2-4 mix, 6 in. thick reinforced with 3 in. round bars spaced 6 in. centers. The bottom of the 
concrete to be I inch below top of joists. 

The standard reinforced concrete floor used by the Michigan Highway Commission is shown 
in Fig. 8. The slab is 6% in. thick at the center and 6 in. thick at the curb. The details of the 
floor are shown in the cut. 


Buckle Plates.—Buckle plates are made by “‘dishing’’ flat plates as in Table 55, Part II. 
The width of the buckle W or length L, varies from 2 ft. 6 in. to 5 ft. 6in. The buckles may be 
turned with the greater dimension in either dimension of the plate. Several buckles may be put 
in one plate, all of which must be of the same size and be symmetrically placed. Buckle plates 
are made ¢ in., vs in., } in. and 3% in. thick. Buckle plates should be firmly bolted or riveted 
around the edges with a maximum spacing of 6 inches, and should be supported transversely 
between the buckles. The process of buckling distorts the plates and an extra width should be 
ordered, and the plate should be trimmed after the process is complete. The buckle plates are 
usually supported on the tops of the stringers, but may be fastened to the bottoms of the stringers, 
The space above the buckles is filled with concrete which carries the wearing surface. Buckle 
plates are now seldom used except for special floors and heavy floors where the weight of a rein- 
forced concrete floor would be too great, or where it is necessary to cut down the clearance. 


PLANK FLOORS. 112k 


Plank Floors.—As long as an excellent grade of timber was available and the concentrated 
loads were not excessive, timber floors were quite satisfactory when properly constructed. Plank 
floors should be of white oak, long leaf yellow pine or similar timber, laid transversely. Where 
two layers of plank are used the lower layer is laid diagonally. Planks should be from 8 in. to 
12 in. wide and not less than 3 in. thick. To carry modern auto trucks the plank should have a 
minimum thickness in inches of three halves the spacing of the stringers in feet. Planks should 
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be laid from 3 in. to 4 in. apart so that water will not be retained, but will run through and will 
give the planks an opportunity to dry out. Where more than one layer of planks is used a liberal 
coating of coal tar to the upper side of the lower planks and to the lower side of the upper planks 
will materially prolong the life of the floor. The timber in floors made of more than one layer of 
planks should be creosoted. Each plank should be solidly spiked to each joist with spikes having 
a length not less than twice the thickness of the plank, or 6-in. spikes for 3-in. plank and 8-in. 
spikes for 4-in. plank. Where steel joists are used, spiking strips about 3 in. by 8 in. are bolted to 
the tops of all joists, or spiking strips 4 in. by 6 in. are bolted to the sides of three lines of joists 


‘ vA 
1121 STEEL HIGHWAY BRIDGES. Cuap. III. 


under each plank length. When the latter method is used the floor planks are fastened to the 
intermediate joists by bending spikes, driven through the floor plank, around the upper flanges of 
the joist. For specifications for plank floors, see the author’s ‘‘General Specifications for Steel 
Highway Bridges.”’ : 

The thickness of plank for different loadings and spans calculated for the allowable stresses 
required by the author’s specifications are given in Table V. 

Laminated Timber Floor.—Highway bridge floors are sometimes made by placing 2 in. by 
4in., 2 in. by 6 in., or 3 in. by 8 in. timbers on edge and spiking them together. A waterproof 
wearing surface is placed on top of the laminated base. The safe spans for a laminated timber 
floor may be taken the same as for planks 12 inches wide. 


The Oregon Highway Commission uses laminated wood floors made of 3 in. by 8 in. timbers 
placed on edge and spiked together at intervals of not less than 18 in. ‘‘ The timbers shall prefer- 
ably be long enough to extend the full width of the roadway, and in’ no case shall more than two 
lengths be used in-the width of roadway. Every fifth timber shall project 3 in. above the inter- 
vening four pieces, to furnish a grip for the waterproof wearing surface.” 

A laminated floor made of 2 in. by 4 in. pine timbers placed on edge and spiked together was 
used for reflooring 23d Street Bridge,.Denver, Colorado. The laminated timber base is covered 
with an asphalt paving 14 inches thick. 


TABLE V. 
THICKNESS OF 12-INCH FLOOR PLANK. 


For 8-inch plank add 23 per cent to the thickness of plank. 
Thickness in Inches, Actual Size, No Impact. 
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Allowable Stresses.—Bending stress, 1,500 lb. per sq. in.; bearing across fiber, 400 lb. per sq. in. 
Minimum thickness of plank allowed by Ketchum’s specifications is 3 in.; maximum spacing 
of joists is 30 in. 


Creosoted Timber Floor.—Creosoted timber may be used as a sub-floor for a creosoted timber 
block wearing surface, for a bituminous wearing surface, or may carry a gravel or earth fill, or may 
have no wearing surface. , 


Specifications for Creosoted Timber.—Timber used for all creosoted floor timbers except 
blocks shall be first-class oak, long-leaf yellow pine or Oregon fir.. It shall be cut from live trees and 
shall be straight grained, free from shakes, large or loose knots, decayed wood, worm holes or other 
defects that will impair its strength or durability. It shall be sawed straight and true and shall 
be full size. All timber shall be impregnated with at least r2 lb. of creosote oil per cubic foot of 
timber. The creosote oil shall be a pure coal-tar product free from any adulteration. It shall be 
free from any tar or any petroleum oil or petroleum residue. The specific gravity at 100° F. shall 
be at least 1.03, but not more than 1.07. The creosote oil shall comply with the specifications of 
the American Railway Engineering Association for creosote oil. The timber shall be impregnated 
with creosote oil by the full cell process. The details of the treatment shall comply with the 
ce of the American Railway Engineering Association for the treatment of ties with 
creosote oil. : 
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The timbers for the sub-floor shall be surfaced on one side and one edge, and shall not vary 
more than 7 in. from the specified thickness. The timbers shall be laid with the surfaced side 
down with tight joints, and shall be fastened to the outside spiking strips with two 6-in. lag screws 
at each end of each plank, and to the intermediate stringers with two spikes in each stringer, the 
length of the spikes to be at least twice the thickness of the floor planks. The fellow guard shall 
be bolted to the stringers with $-in. bolts spaced not more than 5 ft. centers. 


WEARING SURFACES FOR HIGHWAY BRIDGE FLOORS.—The wearing surface of a 
highway bridge floor should satisfy the usual conditions for a pavement and in addition should 
not have an excessive weight; as an increase in dead load on the bridge increases the necessary 
amount of steel in the floor supports and the trusses and increases the total cost. The most 
common wearing surfaces will be briefly described. 


Concrete.—A concrete wearing surface is laid on top of the concrete slab by the Illinois High- 
way Commission as follows:—The wearing surface shall have a thickness of not less than 4 
inches. The lower 2 in. of the wearing surface shall be made of concrete mixed in the proportions 
of one part Portland cement, 2 parts clean sand and 4 parts clean gravel or broken stone that will 
pass a 1}-in. ring. The concrete shall be thoroughly mixed in a batch mixer to a jelly-like consis- 
tency and shall be placed immediately on the sub-floor slab. Upon this concrete layer shall be 
immediately laid a 2-in. layer of mortar made by mixing one part Portland cement and 2 parts of 
clean, coarse sand. The mortar shall be mixed to a jelly-like consistency in a batch mixer and 
shall be immediately placed upon the freshly laid concrete. Before the mortar has begun to set 
it shall be finished off with a wood float, and before it has hardened it shall be roughened by brush- 
ing with a stiff vegetable brush or broom. 

The concrete slab and the concrete wearing surface are commonly laid in one operation, 
the wearing surface being finished up as for a concrete pavement. 

Creosoted Timber Blocks.—The blocks shall be made of prime sound long-leaf yellow pine 
or Oregon fir and shall contain no loose knots, worm holes or other defects, and shall be well manu- 
factured. No wood averaging less than 6 rings to the inch, measured radially from the center of 
the heart shall be used. The blocks shall have a depth as specified, but the depth shall not be less 
than 3 in. The blocks shall be from 6 to 10. in. long. The width shall be from 3 to 4 in., but the 
blocks in any contract shall have the same width. A variation of y¢ in. in depth and $ inch in 
width will be permitted. The width shall be greater or less then the depth by not less than 7 in. 
The blocks shall be impregnated with creosote oil by the full cell process. The creosote oil and the 
method of creosoting timber blocks shall be the same as specified for creosoted timber. All creo- 
soted timber blocks shall contain not less than 16 lb. of creosote oil per cubic foot of timber. 

_ _ Laying Creosoted Timber Blocks.—When the creosoted timber blocks are laid on a creosoted 
timber base, a layer of tar paper shall be laid on the timber base. When creosoted timber blocks 
are laid on a concrete floor slab, a layer of dry cement mortar made by mixing dry one part of 
Portland cement and four parts of clean dry sand shall be spread on the dry floor slab, The cement 
cushion shall be rolled to a thickness of } in. As the blocks are laid on the concrete slab the sand 
and cement shall be moistened by sprinkling and the blocks shall be laid before the cement has 
had time to set. The blocks shall be laid at right angles to the length of the bridge in parallel 
lines, with the grain vertical. The blocks shall break joints at least 3 in. Two lines of blocks 
shall be laid next to the curb with the long dimension of the block parallel to the bridge, and the 
remainder of the blocks shall be laid at right angles to those blocks. The blocks shall be laid with 
open joints, }-in. open joints transversely, }-in. open joints longitudinally. Expansion joints not 
less than 1 in. thick the full depth of the block shall be provided along each curb, and transverse 
joints not less than 3 im. thick shall be provided every 50 ft. in length of the bridge. These joints 
shall be kept closed until the blocks are all laid, and the space is then to be filled with a bituminous ~ 
filler. After the blocks have been laid they shall be tamped or rolled to firm bearing. All defect- 
ive, broken, damaged or displaced blocks shall be removed and replaced with sound blocks. All 
joints and expansion joints shall then be filled to a depth of two-thirds the depth of the block with 
a satisfactory bituminous filler. The filler shall not be brittle at 0° F. nor flow at 120° F.. The 
filler shall be applied at a temperature of not less than 300° F. After the first application has 
set the joints shall be filled to the proper height with a second coat. Joints shall be filled only in 
dry weather, when the temperature is not less than 50° F. Before the second coat has hardened 
a layer of sand } in. thick shall be spread on the surface and shall be swept into the joints. 


Bituminous Wearing Surface Floors.—Bituminous wearing surface floors may be laid on. x 
creosoted timber sub-floor or on a concrete sub-floor. 
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Bituminous Wearing Surface on Timber Sub-Floor.—The bituminous wearing surface may 
be put on hot by the standard method, or by a cold process. The specifications adopted in 1917 
by the Illinois Highway Commission are as follows: 


Bituminous Wearing Surfece—Hot Penetration Method. Illinois Highway Commission. 

Asphalt.—The asphalt used for bituminous wearing surface shall conform to the following 
requirements: Asphalt shall have a specific gravity at 25° C. of not less than 0.97 nor more than 
unity. It shall be soluble in cold carbon disulphide to the extent of at least 98 per cent. Of the 
total bitumen, not less than 22 per cent nor more than 30 per cent shall be insoluble in 86° B. 
naphtha. When 20 grams (in a tin dish 2} in. in diameter and } in. deep with vertical sides) are 
maintained at a temperature of 163° C. for 5 hours ina N. Y. testing laboratory oven, the evapora- 
tion loss shall not exceed 2 per cent and the penetration shall not have been decreased more than 
25 per cent. The fixed carbon shall not exceed 16 per cent by weight. The penetration as de- 
termined with the Dow machine using a°No. 2 needle, 100 g. weight, 5 seconds time, and a tem- 
perature of 25° C. shall be not less than 30 nor more than 50. The asphalt shall contain not to 
exceed 6 per cent by weight of paraffine scale. 

Aggregate.—The aggregate shall consist of screened gravel, which shall have been approved 
by the engineer, dry, free from dust, dirt and clay, and graded in size from 3 in. to ¢ in. 

Cleaning Sub-Planking.—Before placing the wearing surface, the sub-planking shall be thor- 
oughly cleaned from all foreign material and the cracks shall be filled and the plank covered to a 
depth of approximately § in. with asphalt of the character herein specified, which shall be applied at 
a temperature of not lessthan 400° F.. The sub-planking shall be dry when the asphalt is applied. 

Placing Wearing Surface.—The gravel shall be spread on the asphalt covering while the same 
is hot and in a quantity which will just cover the asphalt. The thickness must not exceed that 
which will be formed by a single layer of the gravel pebbles. 

Upon the material thus spread, there shall be poured hot asphalt until the interstices are all 
filled, the asphalt being at a temperature of not less than 400° F. 

Upon the layer of asphalt thus poured there shall be spread a second layer of gravel which shall 
not exceed the thickness of a single layer of pebbles, but which must be spread in sufficient quantity 
to cover completely the layer of asphalt. 

Upon the layer of gravel thus spread there shall be poured hot asphalt until all the interstices 
are filled, the asphalt having a temperature of not lessthan 4oo° F._ 

Finish.—The surface shall then be covered with a layer of pebbles just sufficient to cover the 
asphalt, the pebbles to be well rolled or tamped into the asphalt and the surface finally covered 
with coarse sand sufficient to take up any free asphalt. After the surface has stood for one day, 
it may be opened to traffic. 

Bituminous Wearing Surface—Cold Mixing Method, using an Asphalt Emulsion. Illinois 
Highway Commission. 

Asphalt Emulsion.—The emulsion shall consist of asphalt, water and fatty or resin soap thor- 
oughly emulsified. It shall conform to the following requirements: 


MOT als EMME sere tes Nevaeh: karat ehcd.Siy 1g sieges asohe nie ite eae eee Not less than 60.0 per cent 
Speune sravityof dehydrated material, 1.1.03 eds doo dead eee Not less than 1.000 
Penetration of dehydrated material, 25° C., 100 gm., 5 SeC........ 00. cece een e eee des 150 to 200 


Total Bitumen.—The total bitumen shall be considered as being 100 minus the sum of the 
percentages of water, of fatty or resin acids, of organic matter insoluble in carbon disulphide other 
than fatty or resin acids from the soap, or mineral matter (ash), and of ammonia. 

For percentages of water, fatty or resin acids, organic matter insoluble in carbon disulphide 
mineral matter (ash), and ammonia, see United States Department of Agriculture Bulletin 314, 


4I. 

Specific Gravity—Standardized pycnometers, United States Department of Agriculture 
Bulletin 314, p. 4. 

Penetration.—A. S.T.M.Stand. Test D 5-16. 

Aggregate.—The aggregate shall consist of crushed stone chips uniformly graded from 3 in. — 
down to dust with all dust removed, to which shall be added sufficient sand to fill all remaining 
voids, but not to exceed 20 per cent of the volume of the aggregate. 

Cleaning Sub-Planking.—Before placing the wearing surface, the sub-planking shall be 
thoroughly cleaned from all foreign material and all cracks shall be filled with wood strips or oakum. 

Mixing Materials.—The aggregate and the asphalt emulsion shall be mixed cold in the pro- 
portions of 1 gal. of emulsion to I cu. ft. of aggregate. To facilitate mixing, water to the extent of 
20 per cent may be added to the emulsion. The proportions given above for mixing the aggregate 
and the emulsion are based on the undiluted emulsion. The mixing shall be done on a tight 
mixing board or in a, batch concrete mixer, and shall continue until all particles of the aggregate ~ 
are thoroughly coated. ° : 
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Placing Wearing Surface.—After mixing, the material shall be spread upon the roadway in 
sufficient quantity to provide a thickness of  in., after rolling or tamping. 

Finish.—After the material has been rolled or tamped smooth and to a uniform thickness of 
z in., the surface shall be given a paint coat of the emulsion applied at the rate of t gal. per sq. yd., 
and then shall be covered with coarse sand sufficient to take up any free asphalt and to fill all voids 
in the surface. After the surface has stood for one day, it may be opened to traffic. 

Bituminous Pavement on Concrete.—A bituminous wearing surface may be laid as on the 
creosoted plank sub-floor, or the wearing surface may be laid according to the following standard 
method. The concrete shall be dry and thoroughly clean. A bituminous wearing surface two 
inches thick is applied as follows: The aggregate consists of broken stone or gravel passing a 
one-inch screen with the dust screened out to which is added sand equal to about one-quarter to 
one-half the volume of the stone. The aggregates shall be heated and mixed with the bituminous 
material in a mechanical mixer or by hand with hot shovels. The asphalt shall be mixed not less 
than 20 gallons to the cubic yard of aggregate at a temperature of 350° to 400° F. The mixture 
shall be applied hot to the concrete surface and shall be raked with hot hoes or rakes and is rolled 
with a roller weighing not less than 5 tons. After the surface has been rolled a layer of hot asphalt 
shall be applied and a layer of coarse sand rolled into hot asphalt. 


Examples of Highway Bridge Floors.—The following examples of highway bridge floors 


specified by different highway commissions are of interest. 

The Illinois Highway Commission uses the following standard floors: (1) A reinforced con- 
crete sub-floor 4 in. thick, and a concrete wearing surface 4 in. thick, weight 100 Ib. per sq. ft.; 
(2) a reinforced concrete sub-floor 4 in. thick and a creosoted timber block wearing surface 3 in. 
thick, weight 65 lb. per sq. ft.; (3) a creosoted plank sub-floor 3 in. thick and a wearing surface of 
creosoted timber blocks 3 in. thick, weight 32 lb. per sq. ft.; and (4) a creosoted timber ship lap 
floor 3 in. thick and a wearing surface of creosoted timber blocks 3 in. thick, weight 26 Ib. per sq. ft. 

The Michigan Highway Commission uses the following surface treatment on concrete floor 
slabs. The surface of the concrete is thoroughly cleaned and 3 of a gallon per sq. yd. of coal tar 
heated to a temperature of 250° to 350° F. is spread over the slab. While the tar is hot the surface 
is evenly covered with a layer 3 in. thick of clean, sharp, coarse sand. 

The Wisconsin Highway Commission does not specify a wearing coat on top of concrete floor 


slabs. : 
The Iowa Highway Commission uses either a 3 in. fill of gravel or a creosoted block floor 3 in. 


thick. Concrete slabs are covered with a bituminous coating made by applying 3 of a gallon per 
sq. yd. of hot tar to the clean dry slab. A layer of coarse dry sand is heated and sifted on top of 


the tar. 

Cost of Floors.—The costs of highway bridge floors were estimated by Mr. Clifford Older, 
bridge engineer, Illinois Highway Commission in 1915 as follows: Concrete in sub-floors including 
reinforcing steel, $12.00 per cu. yd.; concrete wearing surface, 4 in. thick, $0.90 per sq. yd.; 
creosoted sub-plank (12-lb. treatment) in place, $70 per thousand feet B. M.; creosoted blocks 3 
in. thick, in place, $1.80 per sq. yd.; bituminous gravel wearing surface, { in. thick, $0.60 per sq. 
yd. The weights and costs of the Illinois Highway Commission standard floors were as follows: 
concrete sub-floor 4 in. thick and concrete wearing surface 4 in. thick, weighs 100 Ib. per sq. ft., 
and costs $2.95 per sq. yd.; concrete sub-floor 4 in. thick, and creosoted blocks 3 in. thick, weighs 
65 Ib. per sq. ft., and costs $3.25 per sq. yd.; creosoted plank sub-floor 3 in. thick, and creosoted 
blocks 3 in. thick, weighs 32 Ib. per sq. ft., and costs $4.10 per sq. yd.; creosoted plank sub-floor 
3 in. thick, and bituminous wearing surface { in. thick, weighs 26 Ib, per sq. ft., and costs $3.00 
per sq. yd. 

DESIGN OF STRINGERS.—Stringers or joists support the floor and in turn are supported 
by the floorbeams. The joists may be supported on the tops of the floorbeams or may be framed 
into the floorbeam by the use of connection angles. Where concrete floors are used the steel joists 
should either be supported on the tops of the floorbeams or if framed into the floorbeams should 
have the upper flanges of the beams coped so that the tops of the joists will be on the same level 
as the floorbeams. The loads carried by the joists are (1) the dead load which is made up of the 
weight of the joists, the floor slab and the wearing surface; (2) a uniform live load, or a concen- 
trated moving load. The uniform live load and the concentrated moving loads are the same as the 
loads used in designing the floor slabs, ‘but the distribution of the concentrated load is not the same. 


‘ 


112p STEEL HIGHWAY BRIDGES. _ Caap. IIT. 


The distribution of the moving concentrated load to the joists as specified by different highway 
commissions and others, and by the author have already been given. 

Steel Stringers.—The sizes of steel I-beams of minimum weights required for stringers with 
different spacings to carry a dead load of 100 lb. per sq. ft. and a 20-ton auto truck with 30 per cent 
impact or a live load of 125 Ib. per sq. ft. with 30 per cent impact are given in Fig. 9; and to carry 
a dead load of 100 Ib. per sq. ft. and a 15-ton auto truck with 30 per cent impact or a live load of 
100 Ib. per sq. ft. with 30 per cent impact are given in Fig. 10, The sizes of steel I-beams of mini- 
mum weights required to carry a dead load of 100 lb. per sq. ft. and a 15-ton auto truck without 
impact or a live load of 100 lb. per sq. ft. without impact are given in Fig. 11. The steel stringers 
used by the Wisconsin Highway Commission to carry a 15-ton road roller without impact, and the 
steel stringers used by the lowa Highway Commission to carry a 15-ton traction engine without 
impact are practically the same as those given in Fig. 11. 


Timber Joists.—The sizes of timber stringers or joists for different spacings and spans to 
carry a 20-ton auto truck are given in Table VI; to carry a 15-ton auto truck in Table VII, and to 
carry a 10-ton auto truck in Table VIII. The timber joists were designed for the following unit 
stresses, to be used without impact: Allowable bending stress, 1,500 lb. per sq. in.; allowable 
bearing across the grain, 400 lb. per sq. in.; allowable longitudinal shear in beams, 140 Ib. per sq. in. 
The maximum spacings of timber joists for short spans are determined by the longitudinal shear. 


DAB EE SVE 
SPACING OF TIMBER STRINGERS OR JOISTS. 


Calculated for 20-ton Auto Truck, Without Impact. 


1 


Neniddi Sire oF Maximum Spacing in Feet for Different Spans in Feet. 


Joists, In. 


8 14 16 


0.7 0.6 
0.9 0.8 


0.8 0.8 0.7 


Tight tell 1.0 
1.0 1.0 1.0 
1.3 ie 1x3 


2.0 2.0 2.0 Tr. * 1.3 1.2 


mS 1.5 es : : ii 1.0 
a2 a2 2.2 : ; 17 1.5 


The proportion of the concentrated live load carried by one joist shall be taken equal to the 
spacing of the joists in feet divided by four feet. 

Joists were designed for allowable stresses as follows: Cross-bending, 1,500 Ib. per sq. in.; bear- 
ing across the grain 400 Ib. per sq. in.; longitudinal shear 140 lb. per sq. in. ; 

Spacing of joists for spans to left of heavy line are determined by longitudinal shear. 


DESIGN OF FLOORBEAMS.—The floor loads may be carried to the floorbeams by means 
of stringers or joists, or the loads may be carried to the floorbeams directly by the floor slabs. 
The loads carried by the floorbeams consist of (1) the dead load which is the weight of the floor 
system; (2) a uniform live load; or a concentrated moving load. The uniform live loads are the 
same as the uniform live loads used in designing the floor slabs and stringers, but the distribution 
of the concentrated moving load is not the same as for either the floor slabs or the stringers: The 
distribution of the moving concentrated load to floorbeams as specified by different highway com- 
missions and others, and by the author have already been given. 
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TABLE VII. 
SPACING OF TIMBER STRINGERS OR JoIsTs. 
Calculated for 15-ton Auto Truck, Without Impact. 


WaimimaliSice oF Maximum Spacing in Feet for Different Spans in Feet. 
Joists, In, 


B ce) 12 I4 16 


1.2 II 


1.8 1.6 
1.6 1.5 
2.4 2:2 


The proportion of the concentrated live load carried by one joist shall be taken equal to the 
spacing of the joists in feet divided by four feet. : 
Joists were designed for allowable stresses as follows: Cross-bending, 1,500 lb. per sq. in.; bear- 
ing across the grain, 400 lb. per sq. in.; longitudinal shear, 140 lb. per sq. in. 
Spacing of joists for spans to left of heavy line are determined by longitudinal shear. 


TABLE VIII. 
SPACING OF TIMBER STRINGERS OR JOISTS. 
Calculated for 10-ton Auto Truck, Without Impact. 
iNaminaliSize ol a Maximum Spacing in Feet for Different Spans in Feet, 


oists In, 
J 16 


The proportion of the concentrated live load carried by one joist shall be taken equal to the 
spacing of the joists in feet divided by four feet. . : 

Joists were designed for allowable stresses as follows: Cross-bending, 1,500 Ib. per sq. in.; bear- 
ing across the grain, 400 lb. per sq. in.; longitudinal shear, 140 Ib. per sq. in. _ 

Spacing of joists for spans to left of heavy line are determined by longitudinal shear. 


Steel I-Beam Floorbeams.—The sizes of steel I-beams required for floorbeams for panel 
lengths of 10 ft. to 24 ft. and widths center to center of trusses or girders of 15 ft. to 26 ft. to carry 
a dead load of 100 lb. per sq. ft., and a 20-ton auto truck with 30 per cent impact, or a uniform live 
load of 125 Ib. per sq. ft. with 30 per cent impact are given in Fig. 9; while the floorbeams required 
to carry a 15-ton auto truck with 30 per cent impact, or a uniform live load of 100 Ib. per sq. ft. 
with 30 per cent impact are given in Fig. 10. It will be noted that the uniform live load controls 
for wide roadways or for long panels. 
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Fic. 9. BENDING MoMENTs IN FLOORBEAMS AND STRINGERS FOR 20-TON AUTO TRUCK, 


(30 PER CENT IMPACT). CONCRETE FLOOR. 
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Fic, 10. BENDING MoMENTs IN FLOORBEAMS AND STRINGERS FOR 15-TON AuTo TRUCK. 
(30 PER CENT IMPACT), CONCRETE FLOoR. 
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For a bridge 17 ft. center of trusses and 18 ft. panels, from Fig. 9 the required floorbeam 
is a 24 in. I @ 80 Ib., while from Fig. 10 the required floorbeam is a 20 in. I @ 65 lb. 

The sizes of steel I-beams required for floorbeams for panel lengths of 10 ft. to 24 ft., and 
widths center to center of trusses or girders of 15 ft. to 26 ft. to carry a dead load of 100 Ib. per sq. 
ft. and a 15-ton auto truck without impact, or a uniform live load of 100 lb. per sq. ft. without im- 
pact are given in Fig. 11. These are practically the floorbeams required by the specifications of 
the Illinois, Iowa, and Wisconsin Highway Commissions. Steel stringers for the same loading 
are given in Fig. 11. 

The bending moments for the design of built-up floorbeams may be obtained from Fig. 9, 
Fig. 10, or Fig. 11. 
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Fic. 11. BENDING MOMENTS IN FLOORBEAMS AND STRINGERS FOR 15-TON AUTO TRUCK. 
(No Impact.) CONCRETE FLOoR. 


CALCULATION OF STRESSES.—For the calculation of the stresses in highway bridges, 
see the author’s ‘‘The Design of Highway Bridges,” also see Chapter XVI. 


ALLOWABLE STRESSES.—For allowable stresses to be used in the design of steel highway 
bridges, see ‘‘General Specifications for Steel Highway Bridges,” printed in the last part of this 
chapter. 


SHORT-SPAN STEEL HIGHWAY BRIDGES.—The term short-span highway bridges 
will be assumed to include beam, low truss and plate girder bridges. 
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BEAM BRIDGES.—Beam bridges are made by placing steel I-beams side by side with the 
ends resting on the abutments. The roadway floor may be made of planks: laid transversely on 
the tops of the beams, or of reinforced concrete. The spacing of the beams depends upon the load 
to be carried and upon the thickness of the floor planks or floor slabs and varies from 2 to 4 ft. 
Timber joists should not be spaced more than 2% ft. centers. A common rule for the thickness 
of oak floor planks is that the plank shall have at least one and one-half inch in thickness for each 
foot of spacing of the joists or stringers. The outside beams should be the same size as the inter- 
mediate beams. It is commonly specified that rolled beams shall have a depth not less than 345 the 
span. 


Note.-/Nurnber of Railing Fosts 
varies with length of 5pen. 


| Concrete Slab6 thick - Bottorn I below taps of porsts 
; Top -3"bars-lé"C- toc 
Tr nee 
Remtorcing: (POT? Bot4 Yors-/2 e-toc alenithly 
Lorgtudindl:-3" bar bet each parrot juists- \ 
Fillatcerter, I"Crown: 


Pr ---- <2 --- -- es - 
Hi 


Ge. G 
Wie er 


SESSILIS EL ESSE 


A Veg TY 


Ter vape6 Fill with concrete i 2 ‘weep holes 4-0"c toc+ 
three layers alter joists are plated \ Wot, ied alee 


ne 
HALF SECTIONATABUTMENT HALF INT SECTION 


Fill with Concrete 
ater fost SCORE} 


PLAIY OFANGLE RAILING OV WIG WALLS FO" 
Note:-Above table is fora Ie tt roadway For 
[8ft-and Zbrt rosdways,add one line forsts: 


Note.- This design to be used only with 
concrete substructure a5 Shown: 


~ SECTION BELOW CONCRETE FLOOR 
Pee Sn STANDARD BEAM SPANS 
Assumed Live Load: - Concer ete Slab Floor 


ET BCs /OWAMGHWAY COMMISSION. 


Fic. 12. BEAm BRIDGEs. 


Standard steel beam bridges with concrete floor as designed by the lowa Highway Commission 
are given ir. Fig. 12 and Fig. 13. The spans vary from 16 ft. to 32 ft. The details are shown in the 
cuts. Quantities for beam bridges with angle fence as shown in Fig. 12 are given in Table IX. 

A standard steel beam bridge as designed by the Wisconsin Highway Commission is shown in 
Fig. 14. Data and quantities for beam spans from Io ft. to 38 ft. are shown in Table X. 
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Fic. 13. BEAM BRIDGES. 


The minimum sizes of I-beams for different loadings and for different spacings and spans and 
with a concrete and a plank floor have been calculated by the author and are given in Table XI 
and Table XII. 

Floor planks may be spiked to spiking strips on the tops of the beams, or to spiking strips 
bolted on the sides of the I-beams. The floor planks are spiked to these spiking strips, and are 
fastened to the.other beams by clinching spikes, which have been driven through the planks, 


around the top flanges of the beams. 
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The maximum span for beam bridges should be 30 ft. Riveted truss bridges or plate girders 
should be used for spans of 30 ft. and upwards for country bridges, and plate girders for heavy city 
bridges. Riveted bridges for spans of, say 40 ft., are more economical than plate girder bridges 
and will give fully as great a length of service if proper designed and constructed. The ends of 
beam bridges should always be supported on masonry abutments. 


TABLE IX. 
EsTIMATED QUANTITIES FOR STANDARD BEAM SPANS. JIowA HiGHWAy COMMISSION. 


Structural Steel. Reinforced Concrete Floor. 
oe Roadway. 16 Ft. Roadway. 18 Ft. Roadway. 20 Ft. Roadway. 
18 Ft. “i Concrete. Steel. Concrete. | Steel. Concrete. | Steel. 
: lb. : ides : yi Ge P . yd. lb. 

16 3,370 3,780 : : 740 
18 4,280 4,810 : : ; 820 
20 4,720 5,300 t : : goo 
22 6,340 7,130 ; : ; 990 
24 6,840 7,690 : : .o || 1,070 
26 7,330 8,240 : : BAe enlists 
28 10,570 11,870 9.2 : SSE a £5230 
30 11,240 12,620 : : : 1,310 


32 11,910 13,370 13,390 10.4 1,130 11.7 ‘ 1,390 


Standard angle railing for wing > walls as shown in Fig. 1 
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Weight of rails and posts for one wing = go lb. 


TABLE X. 


STEEL I-BEAM BrinGzs. WISCONSIN HiGHWwAy CoMmMISSION. 
Channels on outside. Weight includes railing. 


16 Feet Roadway. 18 Ft. Roadway. 20 Ft, Roadway. 


an, | 
No. Beams Size Weight |No. Beams Size Weight No. Beams Size Weight 


and I-Beams, Structural and I-Beams, Structural and I-Beams, Structural 
Channels, In. Lb. Steel, Lb. | Channels. In. Lb. Steel, Lb. | Channels, In. Lb. Steel, Lb. 


Salo 1,900 
8—18 2,200 
OPI 2,800 
g—21 3,185 
1O——25 4,030 


8—18 2,120 8—18 2,335 
ite! 2,450 S— 15 2,700 
g—21 3,130 g—21 3,465 
g—21 3,560 9—21 3,930 
10—25 4,505 10—25 5,000 


12—314 4,810 
12—315 6,050 
12—315 | 6,435 
15 —42 8,275 
1542 10,045 


12-31 5,600 T2=-3loule 6.285 
12—313 | 6,790 12—313 | 7,545 
12-315 7,350 i2=—9L 8,160 
1542 9,420 1542 10,570 
15—42 11,275 1542 12,510 


1542 10,715 
18—55 12,050 
18—55 12,825 
18—55 | 15,530 
18—55 16,350 


1542 | 12,025 15—42 | 13,350 
18—s5 | 13,930 18—s5 | 15,750 
18—s5 15,760 1S 55 16,685 
18—55 17,570 18—55 19,615 
1855 =) 8;405 18—s5 | 20,655 


10 0 © C10 Oo WOUW CO WODOOU0O”0 


16-ft. Rdwy. 18-ft. Rdwy. 20-ft. Rdwy. 


Weight in lb. of reinforcing per lineal foot... . 44 48 
Cu. yd. concrete per lineal foot : 3 0.40 


BEAM BRIDGES. 119 


TABLE XI. 


DEPTH IN INCHEs oF I-BEAMS FOR DIFFERENT SPACINGS AND SPANS REQUIRED TO CARRY 20-TON, 
15-TON AND 10-Ton AUTO TRUCKS AND 30 PER CENT IMPACT. DEAD LOAD I00 LB. 
PER SQ.FT. MINIMUM WEIGHTS oF I-BEAMS ARE USED. 


Concrete Floor, 


20-Ton Auto Truck. 15-Ton Auto Truck, 3 to-Ton Auto Truck. 


Span, Ft. Spacing, Ft. Spacing, Ft. Spacing, Ft. 


4 


fe) 
fe) 
12 Io 
12 12 


12 2 hls 12 
12 15 12 
12 15 15 
15 18 15 


15 18 12 15 
28 15 18 12 18 
30 15 20 12 18 


The proportion of the concentrated live load carried by one joist shall be taken equal to the 
spacing of the joists divided by six feet when reinforced concrete floor is used. 
The outside beams to be the same as the intermediate beams. 


TABUE XAT: 


Dept IN INCHES oF I-BEAMS FOR DIFFERENT SPACINGS AND SPANS REQUIRED TO CARRY 20- 
Ton, 15-loN aNnD 10-Ton AuTo TRUCKS AND 30 PER CENT Impact. MINIMUM 
WeErIcHTs oF I-BEAMS ARE USED. 


Plank Floor. 


20-Ton Auto Truck. 1s-Ton Auto Truck. zo-Ton Auto Truck. 


Spacing, Ft. Spacing, Ft. Spacing, Ft. 


2 3 2 


ont: 9 
Iz ite) 
14 10 
16 1) 


18 12 
20 12 
22 15 
24 15 


26 15 
28 15 12 
30 18 12 12 


The proportion of the concentrated live load carried by one joist shall be taken equal to the 
spacing of the joists divided by four feet when timber floor is used. 
The outside beams to be the same as the intermediate beams. 
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HIGHWAY PLATE GIRDER BRIDGE. 
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122 STEEL HIGHWAY BRIDGES. Caar, IL: 


PLATE GIRDERS.—Plate girders are frequently used for highway bridges. Where the 
conditions will permit deck plate girder bridges are to be preferred to through plate girder bridges 
for highway service. The details of plate girders when used for highway bridges are essentially 
the same as when used for railway bridges, which see. 


Details of a steel through plate girder highway bridge as designed by the Wisconsin High- 
way Commission are shown in Fig. 15. Standard plans have been prepared for spans from 35 
ft. to 80 ft., varying by 5-ft. intervals, and for 16-ft., 18-ft. and 20-ft. roadway. Spans of 35 ft. 
to 60 ft. inclusive have webs 60 in. by 3 in.; the 65-ft. and 70-ft. spans have webs 66 in. by 7 
in.; the 75-ft. spans have a web 66 in. to 72 in. by @ in., while the 80-ft. spans have a web 72 in. 
to 78 in. by in. For weights of plate girder bridges, see first part of this chapter. 

Details of a 109-f[t. span through-plate girder highway bridge built over the D. L. & W. R. R. 
tracks in Jersey City, N. J., are given in Fig. 16. The girders were designed for a live load of 100 
Ib. per sq. ft. on roadway and sidewalk; while the roadway floor was designed for a live load of 100 
Ib. per sq. ft. and two 12,000 lb. axle loads spaced 10 ft. apart with an allowance of 25 per cent for 
impact. The expansion end is carried on 4-in. rollers. The concrete has a minimum thickness of 
4 in. and is covered with 13 in. of binder and 2 in. of asphalt. Each main girder weighed 112,000 
lb.; and the total weight of steel in the bridge was about 403,000 Ib. 


LOW RIVETED TRUSS BRIDGES.—Low riveted bridges are made with either Warren or 
Pratt trusses, the Warren truss usually being preferred. The upper chords should be made of two 
angles and a plate, two channels laced, or two channels with a top cover plate and lacing on the 
bottom side of the member. The lower chord and the web members are made of two angles placed 
in the same relative positions as in the upper chords. 


Details of a low riveted truss bridge with a reinforced concrete floor carried on steel stringers 
or joists, as designed by the Iowa Highway Commission are shown in Fig. 17. The commission 
has prepared standard plans for spans from 35 ft. to 85 ft. and with 16-ft. and 18-ft. roadway. 
Spans over 65 ft. in length have one end supported on rockers. Spans 65 ft. or less in length have 
one end supported on sliding plates. 

Details of a low riveted truss bridge with a reinforced concrete floor carried directly on the 
floorbeams, as designed by the lowa Highway Commission, are shown in Fig. 18. The commission 
has prepared standard plans for spans from 35 ft. to 100 ft. and with 16-ft. and 18-ft. roadway. 
Spans more than 65 ft. in length have one end supported on rockers. Spans 65 ft. or less in length 
have one end supported on sliding plates. The reinforced concrete floor slabs have a thickness of 
73 in. for an 8-ft. span, of 8 in. for a 9-ft. span, and of 83 in. for a 10-ft. span. The slabs are rein- 
forced top and bottom with #$ in. square bars spaced 9 in. centers and 14 in. from face of slab. 
Transverse bars 3 in. sq. are spaced about 2 ft. centers with one bar over the floorbeam. 

Details of a low riveted truss bridge with a reinforced concrete floor as designed by the Michi- 
gan Highway Commission are given in Fig. 19. The Commission has prepared standard plans 
for spans from 50 ft. to 100 ft. by 5-ft. intervals. 

The riveted low truss highway bridge with an inclined upper chord shown in Fig. 20 is built 
by the American Bridge Company for locations requiring an artistic and serviceable bridge at a 
moderate cost. This bridge has been built with six panels and with spans of 90, 96 and 102 ft. 
The bridge in Fig. 20 has a 20-ft. roadway and was designed for a dead load of 930 Ib. per lineal 
foot of bridge, and a live load of 2,400 lb. per lineal foot of bridge. The total weight of the steel 
in this bridge, exclusive of joists and fence is, approximately, 57,000 lb. The floorbeams are rolled 
I-beams and are riveted below the chords. The top chords are made of two channels with a top 
cover plate, the lower edges of the channels being fastened together with tie plates—lacing is much 
better practice. The bottom chord is composed of two angles, with tie plates—tie plates are all 
right for this member. The web members are made of 2 or 4 angles laced, as shown. Rods, not 
shown, are used for the lower lateral system. 

Details of a low riveted truss bridge with a reinforced concrete floor as designed by the Wis- 
consin Highway Commission are given in Fig. 21. Standard plans have been prepared for spans 
from 35 ft. to 85 ft., and with 16-ft. and 18-ft. roadway. One end of all spans is carried on sliding 
plates as shown. 
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Fic. 17. Low Truss SPAN WITH STRINGERS. 


Depth and Panel Length of Low Trusses.—The depths and number of panels in Iowa High- 
way Commission low truss bridges with joists are as follows: 35 ft. and 4o ft. span, 3 panels, 6 ft. 
deep; 45 ft. and 50 ft. spans, 3 panels, 63 ft. deep; 60 ft. and 65 ft. span, 4 panels, 7 ft. deep; 70 ft. 
span, 5 panels, 7 ft. deep; 80 ft. and 85 ft. span, 5 panels, 8 ft. deep. For low truss bridges | without 
joists, 35 ft. span, 4 panels, 6 ft. deep; 40 ft. span, 5 panels, 6 ft. deep; 45 ft. span, 5 paneis, 63 ft. 
deep; 50 ft. and 55 ft. span, 6 panels, 6} ft. deep; 60 ft. span, 7 panels, 7 ft. deep; 65 ft. and 7o ft. 
span, 8 panels, 7 ft. deep; 75 ft. span, 9 panels, 73 ft. deep; 80 ft. span, Io panels, 8 ft. deep; 85 ft. 
span, Io panels, 84 ft. deep; 90 ft. span, 10 panels, 9 ft. deep; 95 ft. span, 10 panels, 93 ft. deep; 
too ft. span, 10 panels, 10 ft. deep. 
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Fic. 18. Low Truss SPAN WITHOUT STRINGERS. 


The depths and number of panels in Wisconsin Highway Commission low truss bridges with 
joists are as follows: 35 ft. span, 3 panels, 43 ft. deep; 4o ft. span, 3 panels, 5 ft. deep; 45 ft. span, 
3 panels, 5% ft. deep; 50 ft. span, 4 panels, 53 ft. deep; 55 ft. span, 4 panels, 6 ft. deep; 60 ft. span, 
4 panels, 63 ft. deep; 65 ft. span, 5 panels, 7 ft. deep; 70 ft. span, 5 panels, 73 ft. deep; 75 ft. span, 
5 panels, 8 ft. deep; 80 ft. span, 5 panels, 83 ft. deep; 85 ft. span, 6 panels, 9 ft. deep. 
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HIGH TRUSS STEEL HIGHWAY BRIDGES.—Through truss bridges with spans of from 
80 to 170 ft., are built with parallel chords and preferably with riveted joints. For spans of from 
160 to 220 ft. bridges are usually built of the Pratt type with inclined upper chord (camel-back) 
trusses. Above 220 ft., bridges are usually built with the Petit type of truss. The above limits 
are approximate only. For long span bridges the inclined chord truss with K-bracing is rapidly 
taking the place of the Petit truss. High truss pin-connected bridges should never be built with 
less than five panels. 

Types of bridge adopted in the American Bridge Company’s standards are as follows: 


Pratt,-pin=connected truSsesiacic i cls wiste wicrors ve. ole <2) Jie orl im) oe Cece aoa Rn ee ene 80 to 168 ft. span 
Bratty miveted@truSsest:acy.cn sine anc fue, o's, Saks cite fafa woolen tog nck eee 80 to 168 ft. span* 
Warren, quadrangular. myeted trusses... 27. )o0.s seid 1 eis ieee ener ene 80 to 152 ft. span‘ 
Inclined chord Pratt (camel-back), pin-connected trusses.................. 168 to 220 ft. span’ 
Petit=teusses> pim-connectedy ac, .-0 ote) .lstiesouol le heise oietalel ss orn emen remem eee 220 ft. span and over: 


Examples of High Truss Highway Bridges.—Details of a high truss steel highway bridge as 
designed by the Wisconsin Highway Commission are shown in Fig. 22 and Fig.23. Standard plans 
have been prepared for spans of 90 ft. to 150 ft., varying by 5-{t. intervals, and a roadway of 16 ft. 
and 18 ft. All spans have one end carried on rockers as shown. These designs have been worked 
out very economically by Mr. M. W. Torkelson, bridge engineer, and represent the extreme econ- 
omy of design that will conform to good practice. 

Details of a high truss steel highway bridge as designed by the lowa Highway Commission are 
given in Fig. 24. Standard plans have been prepared for spans of 90 {t. to 150 ft. varying by 
5-ft. intervals, and a roadway of 16 ft. and 18 ft. All spans have one end carried on rockers as 
shown. The designs are well worked out with the exception of the collision strut in the first panel, 
which should be omitted. 
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The details of a riveted truss highway bridge for light country traffic designed by Mr. H. S. 
Crocker, Consulting Engineer, Denver, Colo., are given in Fig. 25 and Fig. 26. The details of a 
pin-connected truss highway bridge designed for country traffic are given in Fig. 27, F ig. 28 and 
Fig. 29. Both of these bridges represent standard practice in the design of steel highway bridges 
for light country traffic. For additional examples of steel highway bridges, see the author’s 
“The Design of Highway Bridges.” 

Economic Depth and Panel Length of Trusses.—The economic depth and panel length of 
trusses is not capable of mathematical calculation. The minimum depth is determined by the 
required clear head room, which varies from 12} to 15 ft. Short panel lengths give heavy trusses 
and light floor systems; while long panels give light trusses and heavy floor systems. For ordinary 
conditions it is not economical to use panel lengths less than 15 ft. for short spans nor more than 
25 ft. for long spans. The minimum depth for through spans is about 16 feet where the floor- 
beams are placed below the lower chords. _ To make a stiff structure, the depth should be suffi- 
cient to permit the placing of the floorbeams above the lower chords and to permit of efficient portal 
and sway bracing. Experience has shown that the most economical conditions occur when the 
angle 6, the tangent of which is the panel length divided by the depth, is about 40 degrees. The 
top chord points of bridges with inclined chords should be approximately on a parabola passing 
through the pin at the hip. 

Depth and Panel Length of High Trusses.—The depths and number of panels in Iowa High- 
way Commission high truss riveted bridges are as follows: Pratt, riveted trusses, 90-ft. span, 5 
panels, 20 ft. deep; 100-ft. and 110-ft. spans, 6 panels, 20 ft. deep; 120-ft. span, 7 panels, 20 ft. 
deep; 140-ft. span, 8 panels, 21 ft. deep. The depths and number of panels in Wisconsin Highway 
Commission high truss riveted bridges are as follows: 90-ft. and 96-ft. span, 6 panels, 18 ft. deep; 
100-ft. span, 6 panels, 20 ft. deep; 105-ft. span, 7 panels, 20 ft. deep; 120-ft. span, 8 panels, 20 ft. 
deep; 128-ft. span, 8 panels, 21 ft. deep; 140-ft. span, 8 panels, 20 ft. deep at hip and 27 ft. deep at 
center; 150-ft. span, 8 panels, 20 ft. deep at hip and 28 ft. deep at center. 

The depths and number of panels in American Bridge Company’s high truss bridges are as 
follows: Riveted and pin-connected trusses with parallel chords, 80-ft. to 90-ft. span, 5 panels, 
depth equal to panel length; 90- to 120-ft. span, 6 panels, depth equal to panel length; 120-ft. span 
to 140-ft. span, 7 panels, depth equal to panel length, 120-ft. to 168-ft. span, 8 panels, ratio of 
depth to panel length 1.1. For bridges with inclined chords with spans of 162 ft. to 180 ft., 9 
panels, and ratios of depth to panel length of 1.0, 1.16, 1.25 and 1.29; 190-ft. to 220-ft. span, 9 
panels, and ratios of depth to panel length of 1.0, 1.24, 1.28 and 1.43. For Petit trusses, 240-ft. 
to 276-ft. span, 12 panels, and ratios of depths to panel length of 1.0, 1.4, 1.6 and 1.7; 294-ft. to 
322-ft. span, 14 panels, and ratios of depth to panel length of 1.0, 1.36, 1.60, 1.8 and 2.0. 

SHOES AND PEDESTALS.—The bridge rests on shoes or pedestals, the loads being trans- 
ferred to the shoes in pin-connected bridges by means of pins, and through the riveted joints in 
riveted bridges. The shoes at the expansion ends of the bridge are placed on smooth sliding plates 
for bridges of less than, say, 65-ft. span, and on nests of rollers or rockers for spans of greater 
length. The action of the rollers under the expansion ends of riveted bridges will be much more 
satisfactory if the shoes are pin-connected to the truss the same as for pin-connected trusses. 
Rollers should be made with as large diameters as practicable in order to reduce the pressure on 
the base plate and also to reduce the resistance to movement. Experience shows that even for 
light bridges rollers smaller than 3 in. diameter are practically worthless. To economize space, 
segmental rollers, as shown in Fig. 35, Chapter IV, are often used for heavy spans. 

It is usual to specify that a movement produced by a variation of 150 degrees Fahr. be pro- 
vided for. The coefficient of expansion of steel is approximately 0.0000067 per degree Fahr., 
which makes it necessary to provide for approximately one inch of movement for each 80 ft. of 
bridge span. ; : 

Where both bridge seats are of che same height, the fixed end is carried on cast iron pedestal 
blocks. The blocks are usually riade with recesses (honeycombed) to reduce the weight. 

The Illinois, lowa and Wisconsin Highway Commissions use rockers in the place of rollers 
for highway bridges. - Details of rockers are shown in Fig. 17, Fig. 18, Fig. 23, and Fig. 24. The 
specifications of the Illinois Highway Commission contain the provision that rockers shall be made 
of cast iron as specified. They shall have a thickness of not less than 23 in. for spans of 45 ft. or 
less, and a thickness of 3 in. for spans exceeding 45 ft. in length, but in no case shall the unit com- 
pressive stress exceed 9,000-40 J/r Ib. per sq. in. All rockers shall have bearing surfaces turned to 
a uniform radius and smooth surface and shall be provided with two 2-in. holes through the web to 
facilitate handling. 
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STEEL FENCE FOR HiGHwAy BRIDGES. 


FENCE AND HUB GUARDS.—The fence on steel bridges is commonly made of two lines 


of channels or two lines of angles with angle posts. 
8 ft. to ro ft. 


A gas pipe railing with gas pipe posts is in frequent use. 
Details of the fence and light poles for the 20th St. Viaduct, and the fence on 


than 8 ft. apart. 


Posts should not be spaced farther apart than 


The posts should be spaced not more 


23d St. Viaduct, Denyer, Colo., designed by Mr. H. S. Crocker, consulting engineer, are shown in 


Fig. 30. 


GENERAL SPECIFICATIONS FOR STEEL HIGHWAY BRIDGES.* 
BY 
MILO S. KETCHUM, 
Ms Am-gcoe. C.F, 


THIRD EDITION, 
1918 


PART I. DESIGN. 


GENERAL DESCRIPTION. 


1. Classes.—Bridges under these specifications are divided into eight classes, as follows: 

Class A.—For city traffic. 

Class B.—For suburban or interurban traffic with heavy electric cars. 

Class C.—For country roads with ordinary traffic and light electric cars. 

Class D;.—For country roads with heavy traffic. 

Class D2.—For country roads with light traffic. 

Class E;.—For heavy electric street railways only. 

Class E2.—For medium electric street railways only. 

Class E3.—For light electric street railways only. 

2. Material.—All parts of the structure shall be of rolled steel, except the flooring, floor 
joists and wheel guards, when wooden floors are used. Cast iron or cast steel may be used in the 
machinery of movable bridges, for wheel guards, and in special cases for bed plates. 

3. Types of Truss.—The following types of bridges are recommended: 

Spans up to 30 ft.—Rolled beams. 

Spans from 30 to 80 ft.—Riveted plate girders, or riveted low trusses for classes A, B, F,, 
E, and E3; and riveted low trusses for classes C, D; and Dz. 

Spans 80 to 160 ft.—Riveted or pin-connected high trusses. 

Spans 160 to 200 ft.—Pin-connected trusses of the Pratt type with inclined chords. 

Spans over 200 ft.—Pin-connected trusses of the Petit type or K-type. 

4. Length of Span.—lIn calculating the stresses the length of span shall be taken as the 
distance between centers of end pins for pin-connected trusses, centers of end bearing plates for 
riveted trusses and for girders, and center to center of trusses for floorbeams. 

5. Form of Trusses.—The form of truss shail preferably be as given in paragraph 3. In 
through trusses the end vertical suspenders and the two panels of the lower chord at each end 
shall be made rigid members if the wind load produces a reversal of stress in the lower chord. In 
through bridges the floorbeams shall be riveted above or below the lower chord pins. 

6. Lateral Bracing.—All lateral and sway bracing shall preferably, and all portal bracing 
must be, made of shapes capable of resisting compression as well as tension, and shall have riveted 
connections. Low trusses and through plate girders shall be stayed by knee braces or gusset 
plates at each floorbeam. 

7. Spacing of Trusses.—For bridges carrying electric cars the clear width from the center of 
the track shall not be less than 7 ft. at a height exceeding one foot above the track where the 
tracks are straight, and an equivalent distance when the tracks are curved. The distance between 
centers of trusses shall in no case be less than one-twentieth of the span between the centers of 
end-pins or shoes, and shall preferably not be less than one-twelfth of the span. 

8. Head Room.—For classes A, B, C, Di, E1, Ez and E; the clear head room for a width of 
eight (8) ft. on each track, or eight (8) ft. on the center line of the bridge shall not be less than 
15 ft., and for class D» not less than 123 ft. 

9. Footwalks.—Where footwalks are required, they shall generally be placed outside of the 
trusses and be supported on longitudinal beams resting on overhanging steel brackets. ; 

10. Handrailing.—A strong and suitable handrailing shall be placed at each side of the bridge 
and be rigidly attached to the superstructure. 

11. Trestle Towers.—Trestle bents shall preferably be composed of two supporting columns, 
two bents forming a tower; each tower thus formed shall be thoroughly braced in both directions 
and have struts between the feet of the columns. The feet of the columns must be secured to 
an anchorage capable of resisting one and one-half times the specified wind forces (§89). 


* Reprinted from the author’s ‘“‘The Design of Highway Bridges.” 
137 
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Each tower shall have a sufficient base, longitudinally to be stable when standing alone, 

without other support than its anchorage. Tower spans for high trestles shall not be less than 
Oo ft. 

: 12. Proposals.—Contractors in submitting proposals shall furnish complete stress sheets, 
general plans of the proposed structures, and such detail drawings as will clearly show the dimen- 
sions of all the parts, modes of construction and sectional areas. 

13. Drawings.—Upon the acceptance and the execution of the contract, all working drawings 
required by the engineer shall be furnished free of cost (§168). 

14. Approval of Plans.—No work shall be commenced or materials ordered until the working 
drawings have been approved by the engineer in writing. 


FLOOR SYSTEM. 


15. Floorbeams.—All floorbeams shall be rolled or riveted steel girders, rigidly connected 
to the trusses at the panel points, or may be placed on the top of deck bridges at panel points. 
Floorbeams shall preferably be square to the trusses or girders. 

16. Joists and Stringers.—All joists and stringers of bridges of classes A, B, E:, Eo-and E3 
shall be of steel. Joists for classes C, Di and D2 may be either of wood or steel as specified. 
Steel joists shall be securely fastened to the cross floorbeams, and steel stringers shall preferably 
be riveted to the webs of floorbeams by means of connection angles at least 7 in. thick. 

17. End Spacers for Stringers.—Where end floorbeams cannot be used, stringers resting on 
masonry shall have cross-frames at their ends. These frames shall be riveted to girder or truss 
shoe where practicable. 

18. Wooden Joists.—Wooden floor joists shall be spaced not more than 2} ft. centers, and 
shall lap by each other so as to have a full bearing on the floorbeams, and shall be separated 3 in. 
’ for free circulation of air. Their width shall not be less than 3 in., or one-fourth the depth in 
width. The proportion of the concentrated live load carried by one joist shall be taken equal to 
the spacing of the joists in feet divided by four feet. No impact shall be considered in the design 
of wooden joists, planks or ties. Oak, longleaf yellow pine and Oregon fir shall be designed for a 
safe bending of 1,500 lb. per sq. in., bearing across the fiber of 400 lb. per sq. in., and shearing along 
the grain of 140 lb. per sq. in. Outside joists shall be designed for the same live loads as the inter- 
mediate joists. 

19. Steel Joists.—Steel I-beams when used as joists shall have a depth of not less than one- 
thirtieth of the span, and one-twentieth of the span when used as track stringers. The proportion 
of the concentrated live load carried by one joist shall be taken equal to the spacing of the joists 
in feet divided by four feet when timber flooring is used, and divided by six feet when a reinforced 
concrete or other rigid floor is used. Outside joists shall be designed for the same live loads as the 
intermediate joists. : : . 

20. Floor Plank.—For single thickness the roadway planks shall not be less than 3 in. thick 
nor less than one-eighth of the distance between centers of joists, and shall be laid transversely with 
+ in. openings and securely spiked to each joist. All plank shall be laid with heart side down. 
When an additional wearing surface is required it shall be 13 in. thick, and the lower planks of a 
minimum thickness of 3 in. shall be laid diagonally with } in. openings. 

21. Footwalk plank shall be not less than 2 in. thick nor more than 6 in. wide, spaced with 
% in. openings. 

All plank shall be laid with heart side down, shall have full and even bearing on and be firmly 
attached to the joists. 

_ 22. Wheel Guards.—Wheel guards of a cross-section of not less than 6 in. by 4 in. shall be 
provided on each side of the roadway. They shall be spliced with half-and-half joints with 6 in. 
lap, and shall be bolted to the stringers or joist with 3 in. bolts, spaced not to exceed 5 ft. apart. 

23. Solid Floor.—For bridges of classes A and B a solid floor, consisting of wooden blocks, 
brick, stone, asphalt, etc., on a concrete bed is recommended. For this case the floor shall con- 
sist of buckle plates or corrugated sections or reinforced concrete slabs, and a waterproof 
concrete (bitumen or cement) bed not less than 3 in. thick for the roadway and 2 in. thick for the 
footwalk, over the highest point to be covered, not counting rivet or bolt heads. The floor shall 
be laid with a slope of at least one inch in Io ft. 

Reinforced Concrete Floor.—See specifications for reinforced concrete floor on page 112 h, 
and distribution of loads on page 112 f. : 

24. Buckle plates shall not be less than 3 in. thick for the roadway and ?} in. thick for the 
footwalk. The crown of the plates shall not be less than 2 in. 

25. For solid floor the curb holding the paving and acting as a wheel guard on each side of 
the roadway shall be of stone or steel projecting about 6 in. above the finished paving at the gutter. 
The curb shall be so arranged that it can be removed and replaced when worn or injured. There 
oe also be a metal edging strip on each side of the footwalk to protect and hold the paving in 
place. ; 
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26. Drainage.—Provision shall be made for drainage clear of all parts of the metal work. 


27. Floor of Classes Ei, Ex, and E;.—The floors of classes E;, E:, and Es; shall consist of 
cross-ties not less than 6 in. by 6 in. for stringers spaced 63 ft.; and larger for greater spacings, 
they shall be spaced with openings not exceeding 6 in., shall be notched down 3 in., and secured 
to the supporting stringers by ? in. bolts spaced not over 6 ft. apart. The ties shall extend the 
full width of the bridge on deck bridges, and every other tie shall extend the full width in through 
bridges to carry the footwalk. ‘Ties shall be designed for the same allowable unit stresses as 
wooden joists. 

There shall be guard timbers not less than 6 in. by 6 in., or 5 in. by 7 in., on each side of 
each track, with their inner faces not less than 9 in. from the-center of the rail. They shall be 
notched I in. over every tie, and shall be spliced over a tie with a half-and-half joint with 6 in. 
lap. Each guard timber shall be fastened to every third tie and at each splice with a 2 in. bolt. 
a ie or nuts on the upper faces of ties or guards shall be countersunk below the surface of 
the wood. 


PART II. LOADS. 


28. Dead Load.—The dead load will consist of (1) the weight of the metal, and (2) the weight 
of the timber in the floor, or of the material other than steel. In determining the dead load the 
weight of oak or other hard wood shall be taken at 43 Ib. per foot board measure, and the weight 
of pine or other soft woods at 3} lb. per foot; the weight of asphalt at 130 lb., of concrete and 
paving brick at 150 lb., and of granite at 160 lb per cu. ft. 

The rails, fastenings, splices and guard timbers of street railway tracks shall be assumed to 
weigh not less than 100 lb. per lineal foot of track. 

_ 29. Live Load.—The bridges of different classes shall be designed to carry, in addition to 
their own weight and that of the floor, a moving load, either uniform or concentrated, or both, as 
specified below, placed so as to give the greatest stress in each member. 

Class A. For City Traffic——For the floor and its supports, on any part of the roadway or 
on each of the street car tracks, a concentrated load of 24 tons on two axles 10 ft. centers and 5 ft. 
gage (assumed to occupy 12 ft. in width for a single line or 22 ft. for a double line), and upon 
the remaining portion of the floor, a load of 125 lb. per sq. ft. and a concentrated load as for class 
D;. Sidewalks a load of ioo lb. per sq. ft. 

Loads for the trusses as per Table I. 

Class B. For Suburban or Interurban Traffic—For the floor and its supports, on any part 
of the roadway, a concentrated load of 12 tons on two axles 10-ft. centers and 5-ft. gage (assumed 
to occupy a width of 12 ft.), or on each street car track a concentrated load of 24 tons on two 
axles 10-ft. centers; and on the remaining portion of the floor, a load of 125 lb. per sq. ft. anda 
concentrated load as for class D;. Sidewalks a load of 100 Ib. per sq. ft. 

Loads for the trusses as per Table I. 

Class C. For Highway and Light Interurban Traffic—For the floor and its supports, on 
any part of the roadway, a concentrated load of 12 tons on two axles 10-ft. centers and 5-ft. gage 
(assumed to occupy a width of 12 ft.), or on each street car track ¢ concentrated load of 18 tons 
on two axles 10-ft. centers; and upon the remaining portion of the floor, a load of 125 lb. per sq. ft. 
and a concentrated load as for class D;. Sidewalks a load of 100 Ib. per sq. ft. 

Loads for the trusses as per Table I. 

Class D;. Heavy Country Bridges —For the floor and its supports, a load of 125 Ib. per sq.ft. 
of total floor surface or a 20-ton motor truck with axles spaced 12 ft. and wheels with a 6-ft. gage, 
with 14 tons on rear axle and 6 tons on front axle. The truck to occupy a space Io ft. wide and 
32 ft. long. The rear wheels to have a width of 20 in. 

Loads for the trusses as per Table I. No bridge, however, to be designed for a load of less 
than 1,000 Ib, per lineal foot of bridge. 

Class D2. Oridnary Country Bridges.—For the floor and its supports, a load of 100 Ib. per 
sq. ft. of total floor surface or a 15-ton motor truck with axles spaced 10 ft. and wheels with a 6-ft. 
gage, and occupying a space Io ft. wide and 30 ft. long, with Io tons on rear axle and 5 tons on 
front axle, and with rear wheels 15 in. wide. 

Loads for the trusses as per Table I. No bridge, however, to be designed for a load of less 
than 800 lb. per lineal foot of bridge. 4 ; 

Class E;. For Heavy Electric Railways Only.—On each track a series of concentrations 
consisting of two pairs of trucks, the axles of the pairs being spaced 5 ft. centers, while the distance 
between centers of interior axles is 10 ft., the pairs of trucks being spaced 15 ft. centers. The 
axles are loaded with a load of 40,000 lb., making a total of 160,000 Ib. Ora uniform load of 6,000 
Ib. per lineal foot for all spans up to 50 ft., reduced to 4,500 Ib. per lineal foot for spans of 200 ft. 
and over, and proportionately for intermediate spans. 


‘ 
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Class Ex. For Medium Eiectric Railways Only—On each track a series’ of concentrations 
consisting of two pairs of trucks, the axlesof the pairs being spaced 5-ft. centers, while the distance 
between centers of interior axles is 10 ft., the pairs of trucks being spaced 15-ft. centers. The 
axles are loaded with a load of 25,000 lb., making a total load of 100,000 Ib. Ora uniform load 
of 3,500 lb. per lineal foot for all spans up to §0 ft., reduced to 2,000 lb. per lineal foot for spans 
of 200 ft. and over, and proportionately for intermediate spans. f 

Class E3. For Light Electric Railways Only.—On each track a series of concentrations 
consisting of two pairs of trucks, the axles of the pairs being spaced 5-ft. centers, while the distance 
between centers of interior axles is 10 ft., the pairs of trucks being spaced 15-ft. centers. The 
axles are loaded with a load of 20,000 lb. making a total load of 80,000 lb. Ora uniform load of 
2,500 lb. per lineal foot for all spans up to 50 ft., reduced to 1,500 lb. per lineal foot for spans of 
200 ft. and over, and proportionately for intermediate spans. 


TABLE I. 
LivE LoADs FOR THE TRUSSES 


Class C. * Class Dy. Class De. 


Span in Feet. 


Pounds per 
Lineal Foot of 
Each Car 
Track 
Pounds per 
Square Foot of 
Remaining 
Floor Surface, 
Pounds per 
Lineal Foot of 
Each Car 
Track, 
Pounds per 
Square Foot of 
Remaining: 
Floor Surface. 
Pounds per 
Lineal Foot of 
Pounds per 
Square Foot of 
Remaining 
Floor Surface. 
Pounds per’? 
Square Foot of 
Floor Surface. 
Pounds per 
Square Foot o 
Floor Surface, 


| 
lee} 
fe) 
° 


Loads for intermediate spans to be proportional. 


30. Wind Loads.—The lateral bracing in the unloaded chords of truss bridges shall be designed 
for a lateral wind load of 150 lb. per lineal foot of bridge, considered asa moving load. The lateral 
bracing in the loaded chords of truss bridges shall be designed for a lateral wind load of 300 Ib. per 
lineal foot of bridge, considered as a moving load. For spans over 300 ft. each of the above load- 
ings shall be increased 10 lb. for each 20 ft. increase in span. In highway bridges not carrying 
electric cars the end-posts of through and deck bridges and the intermediate posts of through 
bridges shall be designed for a combination (1) of the dead load stresses and the total live load 
stresses; or (2) of the dead load stresses, the live load stresses, the impact and centrifugal stresses, 
and one-half the total wind load stresses. In low truss bridges and plate girders not carrying 
electric cars the wind load on the unloaded chord may be omitted and the lateral bracing be de- 
signed for a lateral wind load of 300 Ib. per lineal foot treated as a moving load. In bridges with 
sway bracing one-half of the wind load may be assumed to pass to the lower chord through the 
sway bracing. : 

31. In trestle towers the bracing and columns shall be designed to resist the follwing lateral 
forces, in addition to the stresses due to dead and live loads: The trusses loaded or unloaded, the 
lateral pressures specified above; and a lateral pressure of 100 lb. for each vertical lineal foot of 
trestle bent. , 

32. Temperature.—Stresses due to a variation in temperature of 150 degrees shall be pro- 
vided for (§8r). 

33. Centrifugal Force of Train.—Structures located on curves shall be designed for the 
centrifugal force of the live load acting at the top of the rail. The centrifugal force shall be calcu- 
lated by the following formula: C = (0 043 — 0.003 D) W-D; where C = centrifugal force in Ib.; 
W = weight of train in lb.; and D = degree of curvature. 

34. Longitudinal Forces.—The stresses produced in the bracing of the trestle towers, in any 
members of the trusses, or in the attachments of the girders or trusses to their bearings, by sud- 
denly stopping the maximum electric car trains on any part of the work must be provided for; 
the coefficient of friction of the wheels on the rails being assumed as 0.20. 

35. ae parts shall be so designed that the stresses coming upon them can be accurately 
calculated. 
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PART III. UNIT STRESSES AND PROPORTION OF PARTS. 


36. Unit Stresses—Alf parts of the structure shall be proportioned so that the sum of the 
maximum stresses shall not exceed the following amounts in Ib. per sq. in., except as modified by 
$45 and §48. ‘ 

Impact.—The dynamic increment of the live load stress shall be added to the maximum live 
load stresses as follows: 

ad the floor and its supports including floor slabs, floor joist, floorbeams and hangers, 30 
per cent. 

For all truss members other than the floor and its supports, the impact increment shall be 
iE i 100/(L + 300), where L = length of span for simple highway spans (for trestle bents, towers, 
movable bridges, arch and cantilever bridges, and for bridges carrying electric trains, L shall be 
taken as the loaded length of the bridge in feet producing maximum stress in the member). 

; ores shall not be added to the stresses produced by longitudinal, centrifugal and lateral or 
wind forces. 


No compression member, however, shall have a length exceeding 100 times its least radius of 
gyration for main members or 120 times for laterals for classes A, B, C, Ei, Eo, and Es; or 125 times 
its least radius of gyration for main members or 150 times for laterals for classes D; and D,,. 

39. Bending.—Bending: on extreme fibers of rolled shapes, built sections and girders; 
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where ‘‘d”’ is the diameter of the roller in inches. : 

Rivets shall not be used in direct tension, except for lateral bracing where unavoidable; in 
which case the value for direct tension on the rivet shall be taken the same as for single shear. — 

42. Alternate Stresses.—Members subject to alternate stresses of tension and compression 
shall be proportioned for the stresses giving the largest section. If the alternate stresses occur 
in succession during the passage of one train, as in stiff counters, each stress shall be increased by 
50 per cent of the smaller. The connections shall in all cases be proportioned for the sum of the 

stresses. 

43. Angles in Tension.—When single-angle members subject to direct tension are fastened by 
one leg, only seventy-five per cent of the net area shall be considered effective. Angles with lug 
angle connections shall not be considered as fastened by both legs. 

44. Net Section.—In members subject to tensile stresses full allowance shall be made for 
reduction of section by rivet-holes, screw-threads, etc. In calculating net area the rivet-holes 
shall be taken as having a diameter } in. greater than the normal size of rivet. : 

’ 45. Long Span Bridges.—For long span bridges, where the ratio of the length to width of 
span is such that it makes the top chords acting as a whole, a longer column than the segments of 
the chords, the chord shall be proportioned for the greater length. d 

46. Wind Stresses.—The stresses in truss members or trestle posts from assumed wind forces 
need not be considered except as follows: 

1. When the direct wind stresses per square inch in any member exceed 25 per cent of the 
stresses due to dead and live loads in the same member. The section shall then be increased 
until the total unit stress shall not exceed by more than 25 per cent the maximum allowable 
stress for dead and live loads. : 

2. When the wind stress alone or in combination with a possible temperature stress can 
neutralize or reverse the stresses in the member. : 

When both direct and flexural stresses due to wind are considered 50 per cent may be added 
to allowable stresses for dead and live loads, provided the area thus obtained is not less than re- 
quired for dead and live loads alone, or for dead, live and direct wind loads designed as in §46. 

47. Combined Stresses.—Members subjected to direct and bending stresses shall be designed 
so that the greatest fiber stress shall not exceed the allowable unit stress on the member. 
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48. Stress Due to Weight and Eccentric Loading.—If the fiber stress due to weight and 
- eccentric loading on any member exceeds 10 per cent of the allowable unit stress on the member 
such excess must be considered in proportioning the member. See §46. P 

49. Counters.—Counters in bridges carrying electric cars shall be designed so that an increase 
of the live load of 25 per cent will not increase the stress in the counters more than 25 per eent. 

50. Design of Plate Girders.—Plate girders shall be proportioned either by the moment of 
inertia of their net section; or by assuming that the flanges are concentrated at their centers of 
gtavity, in which case one-eighth of the gross section of the web, if properly spliced, may be used 
as flange section. The thickness of web plates shall be not less than ¥ in., nor less than 1/160 of 
the unsupported distance between flange angles. 

Compression Flanges.—In beams and plate girders the compression flanges shall have the 
same gross section as the tension flanges. Through plate girders shall have their top flanges 
stayed at each end of every floorbeam, or in case of solid floors, at distances not exceeding 12 ft., by 
knee braces or gusset plates. The stress per sq. in. in compression flange of any beam or girder 
shall not exceed 16,000 — 200-//b, when flange consists of angles only or if cover consists of flat 
plates, or 16,000 — 150 J/b if cover consists of a channel section, where / = unsupported distance 
and 6 = width of flange. : 

51. Web Stiffeners.—There shall be web stiffeners, generally in pairs, over bearings, at points 
of concentrated loading, and at other points where the thickness of the web is less than #5 of the 
unsupported distance between flange angles. The distance between stiffeners shall not exceed 
that given by the following formula, with a maximum limit of six feet (and not greater than the 
clear depth of the web): d = ¢ (12,000 — s)/40. 

’ Where d = clear distance, between stiffeners of flange angles; ¢ = thickness of web; s = shear 
per sq. in. 

The stiffeners at ends and at points of concentrated loads shall be proportioned by the formula 
of paragraph 38, the effective length being assumed as one-half the depth of girders. End stiffeners 
and those under concentrated loads shall be on fillers and have their outstanding legs as wide as 
the flange angles will allow and shall fit tightly against them. Intermediate stiffeners may be 
offset or on fillers, and their outstanding legs shall be not less than one-thirtieth of the depth of © 
girder, plus 2 in. 

52. Flange Rivets.—The flanges of plate girders shall be connected to the web with a sufficient 
number of rivets to transfer the total shear at any point in a distance equal to the effective depth 
of the girder at that point combined with any load that is applied directly on the flange. The 
wheel loads, where the ties rest on the flanges, shall be assumed to be distributed over three ties. 

53. Depth Ratios.—Trusses shall preferably have a depth of riot less than one-tenth of the 
span. Plate girders and rolled beams, used as girders, shall preferably have a depth of not less 
than one-twelfth of the span. If shallower trusses, girders or beams are used, the section shall be 
increased so that the maximum deflection will not be greater than if the above limiting ratios had 
not been exceeded. For steel joists and track stringers, see § 19. 

54. Low Trusses.—Riveted low trusses shall have top chords composed of a double web mem- 
ber with cover plate. The top chords shall be stayed against lateral bending by means of brackets 
or knee braces rigidly connected to the floorbeam at intervals not greater than twelve times the 
width of the cover plate. The posts shall be solid web members. The floorbeams shall be riveted, 
preferably above the lower chord. . Pin-connected low truss bridges shall not be used. 

55. Rolled Beams.—Rolled beams shall be designed by using their moments of inertia. The 
webs of rolled beams and plate girders shall be assumed to take all the shear. 


PART IV. DETAILS OF DESIGN. 


GENERAL REQUIREMENTS. 


56. Open Sections.—Structures shall be so designed that all parts will be accessible for in- 
spection, cleaning and painting. : 

57. Water Pockets.—Pockets or depressions which would hold water shall have drain holes, 
or be filled with waterproof material. 

58. Symmetrical Sections.—Main members shall be so designed that the neutral axis will be 
as nearly as practicable in the center of section, and the neutral axes of intersecting main members 
of trusses shall meet-at a common point. 

59. Counters.—Rigid counters are preferred; and where subject to reversal of stress shall 
Hanae have riveted connections to the chords. Adjustable counters shall have open turn- 

uckles. 

60. Strength of Connections.—The strength of connections shall be sufficient to develop the 
full strength of the member, even though the computed stress is less, the kind of stress to which 
the member is subjected being considered. 

61. Minimum Thickness.—The minimum thickness of metal shall be 3; in. in classes A, B 
C, Ei, E2 and Es, except for fillers; and } in. in classes D; and Ds, except for fillers and webs of chan- 
nels. Webs of channels for classes D; and Dz may have a minimum thickness of 0.20 in. The 
minimum angle shall be 2 in.x 2 in.x}in. The minimum rod shall have an area of at least 
I sq. in., in all classes except D; and Ds, which shall have no rods less than 2 in. in diameter. Webs 
of plate girders shall not be less than 35 in. 

62. Pitch of Rivets.—The minimum distance between centers of rivet holes shall be three 
diameters of the rivet; but the distance shall preferably be not less than 3 in, for 4-in. rivets, 
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2} in. for $-in. rivets, and 2 in. for $-in. rivets. The maximum pitch in the line of stress for 
members composed of plates and shapes shall be 16 times the thickness of the thinnest outside 
plate or 6 in. For angles with two gage lines and rivets staggered, the maximum shall be twice 
the abdve in each line. Where two or more plates are used in contact, rivets not more than 12 in. 
apart in either direction shall be used to hold the plates well together. In tension members com- 
posed of two angles in contact, a pitch of 12 in. will be allowed for riveting the angles together. 

63. Edge Distance.—The minimum distance from the center of any rivet hole to a sheared 
edge shall be 14 in. for }-in. rivets, 14 in. for ?-in. rivets, and 14 in. for 8-in. rivets; and to a rolled 
edge 14, 1g and I in., respectively. The maximum distance from any edge shall be eight times 
the thickness of the plate, but shall not exceed 6 in. 

64. Maximum Diameter.—The diameter of the rivets in any angle carrying calculated stress 
shall not exceed one-quarter the width of the leg in which they are driven. In minor parts 7-in. 
rivets may be used in 3-in. angles, j-in. rivets in 23-in. angles, and 3-in. rivets in 2-in. angles. 

65. Long Rivets.—Rivets carrying calculated stress and whose grip exceeds four diameters 
shall be increased in number at least one per cent for each additional jg-in. of grip. : 

66. Pitch at Ends.—The pitch of rivets at the ends of built compression members shall not 
exceed four diameters of the rivets, for a length equal to one and one-half times the maximum 
width of member. 

67. Compression Members.—In compression members the metal shall be concentrated as 
much as possible in webs and flanges. The thickness of each web shall be not less than one- 
thirtieth of the distance between its connections to the flanges. Cover plates shall have a thickness 
not less than one-fortieth of the distance between rivet lines. 

68. Minimum Angles.—Flanges of girders and built members without cover plates shall 
have a minimum thickness of one-twelfth of the width of the outstanding leg. 

69. Batten Plates.—The open sides of all compression members shall be stayed by batten 
plates at the ends and diagonal lattice-work at intermediate points. The batten plates must be 
placed as near the ends as practicable, and shall have a length not less than the greatest width of 
the member or 14 times its least width. 

70. Lattice Bars.—The latticing of compression members shall be proportioned to resist 
the shearing stresses corresponding to the allowance for flexure for uniform load provided in the 
column formula in paragraph 38 by the term 70//r.. They must not be less in width than 13 in. 
for members 6 in. in width, 13 in. for members 9 in. in width, 2 in. for members 12 in. in width, 
2} in. for members 15 in. in width, nor 2} in. for members 18 in. and over in width. Single lattice_ 
bars shall have a thickness not less than one-fortieth, or double lattice bars connected by a rivet 
at the intersection, not less than one-sixtieth of the distance between the rivets connecting them 
tothe members. They shall be inclined at an angle not less than 60° to the axis of the member for 
single latticing, nor iess than 45° for double latticing with riveted intersections. 

71. Spacing of Lattice Bars.—Lattice bars shall be so spaced that the portion of the flange 
included between their connection shall be as strong as the member as a whole. The pitch of 
the lattice bars must not exceed the width of the channel plus nine inches. 

72. Rivets in Flanges.—Five-eighths-inch rivets shall be used for latticing flanges less than 
23 in. wide; #-in. for flanges from 2% to 33 in. wide; 7-in. rivets shall be used in flanges 33 in. and 
over, and lattice bars with two rivets shall be used for flanges over 5 in. wide. 

73. Splices.—In compression members joints with abutting faces planed shall be placed as 
near the panel points as possible, and must be spliced on all sides with at least two rows of rivets 
on each side of the.joint. Joints with abutting faces not planed shall be fully spliced. Joints in 
tension members shall be fully spliced. —_ 

4. Pin Plates——Where necessary, pin-holes shall be reinforced by plates, some of which 
must be of the full width of the member, so the allowed pressure on the pins shall not be exceeded, 
and so the stresses shall be properly distributed over the full cross-section of the members. These 
reinforcing plates must contain enough rivets to transfer their proportion of the bearing pressure, 
and at least one plate on each side shall extend not less than 6 in. beyond the edge of the nearest 
batten plate. : ; ; d 

75. Riveted Tension Members.—Riveted tension members shall have an effective section 
through the pin-holes 25 per cent in excess of the net section of the member,.and back of the pin 
at least 75 per cent of the net section through the pin-hole. 

76. Pins.—Pins shall be long enough to insure a full bearing of all the parts connected upon 
the turned body of the pin. The diameter of the pin shall not be less than { of the depth of any 
eye-bar attached to it.* They shall be secured by chambered Lomas nuts or be provided with 
washers if solid nuts are used. The screw ends shall be long enough to admit of burring the 
threads. 

77. Filling Rings.—Members packed on pins shall be held against lateral movement. 

78. Bolts.—Where members are connected by bolts, the turned body of these bolts shall be 
long enough to extend through the metal. A washer at least } in. thick shall be used under the 

* The allowable bearing stress = ¢ allowable tensile stress. 
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nut. Bolts shall not be used in place of rivets except by special permission. Heads and nuts shall 
be hexagonal: ‘ é 

79. Indirect Splices.—Where splice plates are not in direct contact with the parts which 
they connect, rivets shall be used on each side of the joint in excess of the number theoretically 
required to the extent of one-third of the number for each intervening plate. 

80. Fillers.—Rivets carrying stress and passing through fillers shall be increased 50 per cent 
in number; and the excess rivets, when possible, shall be outside of the connected member. 

81. Expansion.—Provision for expansion to the extent of % in. for each ro ft. shall be made 
for all bridge structures. Efficient means shall be provided to prevent excessive motion at any 
one point (§32). 

82. Expansion Bearings.—Spans of 60 ft. and over resting on masonry shall have turned 
rollers or rockers at one end; and those of less length shall be arranged to slide on smooth surfaces. 

83. Fixed Bearings.—Movable bearings shall be designed to permit motion in one direction 
only. Fixed bearings shall be firmly anchored to the masonry (§87). 

‘ 84. Rollers.—Expansion rollers shall be not less than 3 in. in diameter for spans of 100 feet 
and less, and shall be increased I in. for each 100 ft. additional. They shall be coupled together 
with substantial side bars, which shall be so arranged that the rollers can be readily cleaned. 

85. Bolsters.—Bolsters or shoes shall be so constructed that the load will be distributed over 
the entire bearing. 

86. Pedestals and Bed Plates.—Built pedestals shall be made of plates and angles. All 
bearing surfaces of the base plates and vertical webs must be planed. The vertical webs must be 
secured to the base by angles having two rows of rivets in the vertical legs. No base plate or web 
connecting angle shall be less in thickness than 3 in. The vertical webs shall be of sufficient height 
and must contain material and rivets enough to practically distribute the loads over the bearings 
or rollers. 

_ Where the size of the pedestal permits, the vertical webs must be rigidly connected trans- 
versely. \ 

87. All the bed-plates and bearings under fixed and movable ends must be fox-bolted to the 
masonry; for trusses, these bolts must not be less than 1} in. diameter; for plate and other girders, 
not less than 7 in. diameter. 

The details of cast iron or cast steel shoes shall be subject to the special approval of the en- 
gineer. 

88. Wall Plates.—Wall plates may be cast or built up; and shall be so designed as to distrib- 
ute the load uniformly over the entire bearing. They shall be secured against displacement. 

89. Anchorage.—Anchor bolts for viaduct towers and similar structures shall be long enough 
to engage a mass of masonry the weight of which is at least one and one-half times the uplift (§11). 

90. Inclined Bearings.—Bridges on an inclined grade without pin shoes shall have the sole 
plates beveled so that the masonry and expansion surfaces may be level. 

91. Camber.—Truss spans shall be given a camber by making the panel length of the top 
chords, or their horizontal projections, longer than the corresponding panels of the bottom chord 
in the proportion of # in.in 10 ft. Plate girder spans need not be cambered. 

92. Eye-bars.—The eye-bars composing a member shall be so arranged that adjacent bars 
shall not have their surfaces in contact; they shall be as nearly parallel to the axis of the truss as 
possible, the maximum inclination of any bar being limited to one inch in 16 ft. 


PART V. MATERIALS AND WORKMANSHIP. 


MATERIAL. 

93. Process of Manufacture.—Steel shall be made by the open-hearth process and shall 
comply with the standard specifications of the Am. Ry. Eng. Assoc. 

(Sections 94 to 117 inclusive cover the Am. Ry. Eng. Assoc. Specifications for steel, see 
specifications for railroad bridges, Chapter IV.) 

118. Timber.—The timber shall be strictly first-class spruce, white pine, Douglas fir, Southern 
yellow pine, or white oak bridge timber; sawed true and out of wind, full size, free from wind 
shakes, large or loose knots, decayed or sapwood, wormholes or other defects impairing its strength 
or durability. 

WORKMANSHIP. 


119. General.—All parts forming a structure shall be built in accordance with approved 
drawings. The workmanship and finish shall be equal to the best practice in modern bridge works. 

120, Straightening Material.—Material shall be thoroughly straightened in the shop, by 
methods that will not injure it, before being laid off or worked in any way. 

121. Finish.—Shearing shall be neatly and accurately done and all portions of the work 
exposed to view neatly finished. : 

122. Size of Rivets.—The size of rivets, called for on the plans, shall be understood to mean 
the actual size of the cold rivet before heating. 
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123. Rivet Holes.—When general reaming is not required the diameter of the punch shall 
not be more than 75 in. greater than the diameter of the rivet; nor the diameter of the die more than 
g in. greater than the diameter of the punch. Material more than $ in. thick shall be sub-punched 
and egea or ies from the solid. 

_. 124. Punching.—All punching shall be accurately done. Drifting to enlarge unfair h 
will not be allowed. If the holes must be enlarged as admit the eens they shall be ane 
Poor matching of holes will be cause for rejection. ; 

_ 125. Sub-punching and Reaming.—Where reaming is required, the punch used shall have a 
diameter not less than 3% in. smaller than the nominal diameter of the rivet. Holes shall then be 
reamed to a diameter not more than 7; in. larger than the nominal diameter of the rivet. All 
reaming shall be done with twist drills. (§140.) 

126. Reaming After Assembling.—When general reaming is required it shall be done after 
the pieces forming one built member are assembled and firmly bolted together. If necessary to 
take the pieces apart for shipping and handling, the respective pieces reamed together shall be 
so marked that they may be reassembled in the same position in the final setting up. No inter-- 
change of reamed parts will be allowed. 

127. Edge Planing.—Sheared edges or ends shall, when required, be planed at least 4 in. 

128. Burrs.—The outside burrs on reamed holes shall be removed. 

129. Assembling.—Riveted members shall have all parts well pinned up and firmly drawn 
together with bolts, before riveting is commenced. Contact surfaces to be painted. 

130. Lattice Bars.—Lattice bars shall have neatly rounded ends, unless otherwise called for. 

131. Web Stiffeners.—Stiffeners shall fit neatly between flanges of girders. Where tight 
fits are called for, the ends of the stiffeners shall be faced and shall be brought to a true contact 
bearing with the flange angles. 

132. Splice Plates and Fillers—Web splice plates and fillers under stiffeners shall be cut to 
fit within } in. of flange angles. 

133. Web Plates.—Web plates of girders, which have no cover plates, shall be flush with 
the backs of angles or project above the same not more than # in., unless otherwise called for. 
When web plates are spliced, not more than } in. clearance between ends of plates will be allowed. 

134. Connection Angles.—Connection angles for floorbeams and stringers shall be flush 
with each other and correct as to position and length of girder. In case milling (of all such angles) 
is needed or is required after riveting, the removal of more than 7 in. from their thickness will be 
cause for rejection. 

135. Rivets.—Rivets shall be driven by pressure tools wherever possible. Pneumatic 
hammers shall be used in preference to hand driving. 

136. Riveting.—Rivets shall look neat and finished, with heads of approved shape, full and 
of equal size. They shall be central on shank and grip the assembled pieces firmly. Recupping 
and calking will not be allowed. Loose, burned or otherwise defective rivets shall be cut out and 
replaced. In cutting out rivets, great care shall be taken not to injure the adjacent metal. If 
necessary, they shall be drilled out. 

137. Turned Bolts.—Wherever bolts are used in place of rivets which transmit shear, the 
holes shall be reamed parallel and the bolts turned to a driving fit. A washer not less than } in. 
thick shall be used under nut. : 

138. Members to be Straight.—The several pieces forming one built member shall be straight 
and fit closely together, and finished members shall be free from twists, bends or open joints. 

139. Finish of Joints.—Abutting joints shall be cut or dressed true and straight and fitted 
close together, especially where open to view. In compression joints, depending on contact 
bearing, the surfaces shall be truly faced, so as to have even bearings after they are riveted up 
complete and when perfectly aligned. 

140. Field Connections.—Holes for floorbeam and stringer connections shall be sub-punched 
and reamed according to paragraph 125, to a steel templet one inch thick. (If required, all 
other field connections, except those for laterals and sway bracing, shall be assembled in the shop 
and the unfair holes reamed; and when so reamed, the pieces shall be match-marked before being 
taken apart.) 

141. Eye-bars.—Eye-bars shall be straight and true to size, and shall be free from twists, folds 
in the neck or head, or any other defect. Heads shall be made by upsetting, rolling or forging. 
Welding will not be allowed. The form of heads will be determined by the dies in use at the 
works where the eye-bars are made, if satisfactory to the engineer, but the manufacturer shall 
guarantee the bars to break in the body when tested to rupture. The thickness of head and 
neck shall not vary more than 7%; in. from that specified. 

142. Boring Eye-bars.—Before boring, each eye-bar shall be properly annealed and care- 
fully straightened. Pin-holes shall be in the center line of bars and in the center of heads. Bars 
of the same length shall be bored so accurately that, when placed together, pins gz in. smaller in 
diameter than the pin-holes can be passed through the holes at both ends of the bars at the same 


time without forcing. 
uit 
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143. Pin-Holes.—Pin-holes shall be bored true to gages, smooth and straight; at right angles 
to the axis of the member and parallel to each other, unless otherwise called for. The boring shall 
be done after the member is riveted up. : : 

144. Variation in Pin-Holes.—The distance center to center of pin-holes shall be correct 
within 4 in., and the diameter of the holes not more than #5 in. larger than that of the pin, for 
pins up to 5-in. diameter, and ¥; in. for larger pins. 

145. Pins and Rollers.—Pins and rollers shall be accurately turned to gages and shall be 
straight and smooth and entirely free from flaws. 

146. Screw Threads.—Screw threads shall make tight fits in the nuts and shall be U. S. 
standard, except above the diameter of 13 in., when they shall be made with six threads per inch. 

147. Annealing.—Steel, except in minor details, which has been partially heated, shall be 
‘properly annealed. 

148. Steel Castings.—All steel castings shall be annealed. 

149. Welds.—Welds in steel will not be allowed. . 

150. Bed Plates.—Expansion bed plates shall be planed true and smooth. Cast wall plates 
shall be planed top and bottom. The cut of the planing tool shall correspond with the direction © 
of expansion. 

151. Pilot Nuts.—Pilot and driving nuts shall be furnished for each size of pin, in such 
numbers as may be ordered. 

152. Field Rivets.—Field rivets shall be furnished to the amount of 15 per cent plus ten 
rivets in excess of the nominal number required for each size. 

153. Shipping Details.—Pins, nuts, -bolts, rivets and other small details shall be boxed or 
crated. 

154. Weight.—The weight of every piece and box shall be marked on it in plain figures. 

155. Finished Weight.—Payment for pound price contracts shall be by scale weight. No 
allowance over 2 per cent of the total weight of the structure as computed from the plans will be 
allowed for excess weight. 


SHOP PAINTING. 


156. Cleaning.—Steel work, before leaving the shop, shall be thoroughly cleaned and given 
one good coating of pure linseed oil, or such paint as may be called for, well worked into all joints” 
and open spaces. 

157. Contact Surfaces.—In riveted work, the surfaces coming in contact shall each be painted 
before being riveted together. 

158. Inaccessible Surfaces.—Pieces and parts which are not accessible for painting after 
erection, including tops of stringers, eye-bar heads, ends of posts and chords, etc., shall have a 
good coat of paint before leaving the shop. 

159. Condition of Surfaces.—Painting shall be done only when the surface of the metal is 
perfectly dry. It shall not be done in wet or freezing weather, unless protected under cover. 

160. Machine-finished Surfaces——Machine-finished surfaces shall be coated with white 
lead and tallow before shipment or before being put out into the open air. 


INSPECTION AND TESTING AT THE SHOP AND MILL. 


161. Facilities for Shop Inspection.—The manufacturer shall furnish all facilities for inspecting 
and testing the weight and quality of workmanship at the shop where material is manufactured. 
He shall furnish a suitable testing machine for testing full-sized members, if required. 

162. Starting Work in Shop.—The purchaser shall be notified well in advance of the start 
of the work in the shop, in order that he may have an inspector on hand to inspect material and 
workmanship. 

163. Copies of Mill Orders.—The purchaser shall be furnished complete copies of mill orders, 
and no material shall be rolled, nor work done, before the purchaser has been notified where the 
orders have been placed, so that he may arrange for the inspection. 

164. Facilities for Mill Inspection.—The manufacturer shall furnish all facilities for inspecting 
and testing the weight and quality of all material at the mill where it is manufactured. He shall 
furnish a suitable testing machine for testing the specimens, as well as prepare the pieces for the 
machine, free of cost. 

165. Access to Mills.—When an inspector is furnished by the purchaser to inspect material 
at the mills, he shall have full access, at all times, to all parts of mills where material to be inspected 
by him is being manufactured. 

166. Access to Shop.—When an inspector is furnished by the purchaser, he shall have full 
spine 3 all times, to all parts of the shop where material under his inspection is being manu- 

actured. - 
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, 167. Accepting Material or Work.—The inspector shall stamp each piece accepted with a 
private mark. Any piece not so marked may be rejected at any time, and at any stage of the 
work, If the inspector, through an oversight or otherwise, has accepted material or work which 
is defective or contrary to the specifications, this material, no matter in what stage of completion 
may be rejected by the purchaser. ; 

168. Shop Plans.—The purchaser shall be furnished complete shop plans (§13). 
169. Shipping Invoices.—Complete copies of shipping invoices shall be furnished to the 
purchaser with each shipment: 


FULL-SIZED. TESTS, 


170. Test to Prove Workmanship.—Full-sized tests on eye-bars and similar members, to 
prove the workmanship, shall be made at the manufacturer’s expense, and shall be paid for by 
the purchaser at contract price, if the tests are satisfactory. If the tests are not satisfactory, the 
members represented by them will be rejected. 

171. Eye-bar Tests.—In eye-bar tests, the fracture shall be silky, the elongation in 10 ft., 
including the fracture, shall be not less than 15 per cent; and the ultimate strength and true 
elastic limit shall be recorded ($141). 


ERECTION. 


172. If the contractor erects the bridge he shall, unless otherwise specified, furnish all staging 
and falsework, erect and adjust all metal work, and shall frame and put in place all floor timbers, 
guard timbers, trestle timbers, etc., complete ready for traffic. 

173. The contractor shall put in place all stone bolts and anchors for attaching the steel 
work tothe masonry. He shall drill all the necessary holes in the masonry, and set all bolts with 
neat Portland cement. : 

174. The erection will also include all necessary hauling from the railroad station, the un- 
loading of the materials and their proper care until the erection is completed. 

175. Whenever new structures are to replace existing ones, the latter are to be carefully taken 
down and removed by the contractor to some place where the material can be hauled away. 

176. The contractor shall so conduct his work as not to interfere with traffic, interfere with 
the work of other contractors, or close any thoroughfare on land or water. 

177. The contractor shall assume all risks of accidents and damages to persons and properties 
prior to the acceptance of the work. 

178. The contractor must remove all falsework, piling and other. obstructions or unsightly 
material produced by his operations. 


PAINTING AFTER ERECTION. 


179. After the bridge is erected the metal work shall be thoroughly cleaned of mud, grease 
. or other material, then thoroughly and evenly painted with two coats of paint of the kind specified 
by the engineer, mixed with linseed oil. All recesses which may retain water, or through which 
water can enter, must be filled with thick paint or some waterproof cement before the final painting. 
The different coats of paint must be of distinctly different shades or colors, and one coat must 
be allowed to dry thoroughly before the second coat is applied. All painting shall be done with 
round brushes of the best quality obtainable on the market. ‘The paint shall be delivered on the 
work in the manufacturer’s original packages and is subject to inspection. If tests made by the 
inspector shows that the paint is adulterated, the paint will be rejected and the contractor shall 
pay the cost of the analyses, and shall scrape off and thoroughly clean and repaint all material 
that has been painted with the condemned paint. The paint shall not be thinned with anything 
whatsoever; in cold weather the paint may be thinned by heating under the direction of the 
inspector. No turpentine nor benzine shall be allowed on the work, except by the permission of 
the inspector, and in such quantity as he shall allow. The inspector shall be notified when any 
painting is to be done by the contractor, and no painting shall be done until. the inspector has 
approved the surface to which the paint is to be applied. Paint shall not be applied out of doors 
in freezing, rainy, or misty weather, and all surfaces to which paint is to be applied shall be dry, 
clean and warm. Incool weather the paint may be thinned by heating, and this may be required 
by the inspector. 

REFERENCES.—For the calculation of stresses in bridge trusses and plate girders, for 
details of bridges, for the design of bridge details, and for additional examples of highway 


bridges, see the author’s “ The Design of Highway Bridges.” 
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CHAPTER IV. 
STEEL RAILWAY BRIDGES. 


TYPES OF STEEL BRIDGES.—The same types of trusses are used for railway as for high- 
way bridges, Fig. 4, Chapter III. Beam bridges are used for short spans, and plate girders up to 
spans of about 125 ft. Riveted truss spans are used for spans of 100 ft. and upwards. Pin-con- 
nected truss spans are still used for long span bridges and by a few railroads for spans of 150 ft. 
and upwards. Many railroads are building riveted trusses for spans of more than 200 ft., and 
riveted truss spans of 300 ft. are not uncommon. The new terminal bridge over the Missouri 
River at Kansas City, Mo., has riveted trusses with a span of 425 ft: 6; in. The Norfolk & West- 
ern R. R. has constructed a double track bridge over the Ohio River with a span of 520 ft., which 
is riveted with the exception of four bottom chord panel points, which have pin joints. The 
lengths and types of railway bridges as used by different railroads are given in Table XII in the 
latter part of this chapter. The longest simple truss span is 668 ft. and is in the Municipal Bridge 
over the Mississippi River at St. Louis, Mo. The maximum practical length of simple span truss 
bridges made of carbon steel is about 550 feet; while with nickel steel it is practical to build simple 
truss spans up to 750 feet and economical to build simple truss spans up to 700 feet. The pro- 
posed Metropolis Bridge over the Ohio River will be a double track simple truss bridge with a 
span of 720 feet. 
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Fic. 1. DIAGRAMMATIC SKETCH OF A RAILWAY TRUSS BRIDGE. 
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Fic. 2. RAtLwAy STEEL TRESTLE. 


TABLE TI. 


DATA ON RAILROAD BripGEes DESIGNED UNDER COMMON STANDARD (HARRIMAN LINES) 
SPECIFICATIONS C. S. 1006. 


SINGLE TRACK BRIDGES. DOUBLE TRACK BRIDGES. 


Distance Distance q 
Length] Center to | Dist. C. to C. of 5! Total | Length | Center to | Dist. C. to C. of 3! Total 
Center of Chords or B. to “ Weight, of Center of Chords or B. to Weight 
Trusses or B. of Angles, Lb. é Span, | Trusses or B. of Angles, Lb u 
Girders, Ft.-In. ies Girders, Ft.-In. 
Ft.-In. Ft.-In. 


Through Plate Girders |_ , Through Plate Girders 
; 27,500 8-0} 142,000 
41,900 173,000 
56,600 221,000 
79,600 277,000 
105,100 317,200 
132,300 
161,350 
198,500 
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Cal 


Deck Plate Girder 
12,800 360,000 
14,900 : 400,000 
23,800 472,600 
34,300 : oi | aed oats 
47,500 
68,000 
87,800 

113,200 
137,800 


Through Rivet Span Through Pin Span 
29-0 165,000 6 33-0 6 
29- 0 185,000 oan SARE 
30-0 220,000 Lage Shaka Re ey ts 2 
31-0 273,000 _ 40-0 932,200 
31-0 311,000 
Through Pin Span 
31— 0 304.000 
32-0 348,000 
33-0 417,000 
32-& 38 485,000 
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A diagramatic sketch of a truss railway bridge is shown in Fig. 1. The names of the different 
members are shown on the diagram. The floor may be carried on two or more stringers. Two 
stringers are commonly used for an open timber floor and two or four stringers for a ballasted floor. 

A railway steel trestle is shown in Fig. 2. Steel trestles are commonly built with the inter- 
mediate spans equal to twice the tower spans; 60 feet and 30 feet, and 80 feet and 40 feet being 
common lengths of span. 

Swing, movable, cantilever and suspension bridges will not be considered in this chapter. 
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WEIGHTS OF RAILWAY BRIDGES.—The weights of railway bridges vary with the 
loading, the specifications, the span, the width, the type of floor, and with the design. The weights 
of the total structural steel in single track bridges of different types as designed and built by the 
Chicago, Milwaukee & St. Paul Ry. are given in Fig. 3 to Fig. 10, inclusive. 

Weights of single track plate girder spans as designed and built by the Illinois Central Rail- 
road are given in Fig. 11, Fig. 12 and Fig. 13; weights of single track through bridges are given in 
Fig. 14, weights of signal bridges are given in Fig. 15, and weights of single track draw spans are 
given in Fig. 16. Weights and other data for railway bridges designed by the Harriman Lines, 
under ‘‘Common Standard Specification 1006” (approximately equal to Cooper’s E §5), are given 
in Table I. : 

Weights of single track steel viaducts as designed by the McClintic-Marshall Construction 
Co. are given in Fig. 17. 
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For the relative weights of railway bridges built of carbon and of nickel steel, see paper 
entitled ‘‘ Nickel Steel for Bridges,’ by Mr. J. A. L. Waddell, M. Am. Soc. C. E., printed in Trans. 
Am. Soc. C. E., Vol. 63, 1909. 
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LOADS.—The dead load of a railway bridge is assumed to act at the joints the same as ina - 
highway bridge. The dead joint loads are commonly assumed to act on the loaded chord, but 
may be assumed as divided between the panel points of the two chords, one-third and two-thirds 
of the dead loads usually being assumed as acting at the panel points of the unloaded and the 
loaded chords, respectively, see discussion of specifications in the last part of this chapter. 

The live load on a railway bridge consists of wheel loads, the weights and spacing of the 
wheels depending upon the type of the rolling stock used. The locomotives and cars differ so 
much that it would be difficult if not impossible to design the bridges on any railway system for 
the actual conditions, and conventional systems of loading, which approximate the actual con- 
ditions, are assumed. The conventional systems for calculating the live load stresses in railway 
bridges that have been most favorably received are: (1) Cooper’s Conventional System of Wheel 
Concentrations; (2) the use of an Equivalent Uniform Load; and (3) the use of a uniform load 
and one or two wheel concentrations. In addition to these some railroads specify special engine 
loadings. The three <aethods will be briefly described. 
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Cooper’s Conventional System of Wheel Concentrations.—In Cooper’s loadings two con- 
solidation locomotives are followed by a uniformly distributed train load. The typical loading 
for Cooper’s Class E 40, E 45, E50, E55 and E 60, are shown in Fig. 18. The loads on the 
drivers in thousands of pounds and the uniform train load in hundreds of pounds are the same as 
the class number. The wheel spacings are the same for all classes. The stresses for Cooper’s 
loadings calculated for one class may be used to obtain the stresses due to any other class loading. 
For example, the live load stresses in any truss due to Cooper’s Class E 60 are equal to $ of the 
stresses in the same truss due to Class E 40 loading. The E 50, E55 and E 60 loadings are those 
most used for steam railways in the United States. In bridges designed for Class E 40 loading 
and under the floor system must in addition be designed for two moving loads of 50,000 Ib. each, 
spaced 6 ft. apart on each track. The special loads for Class E 50 are 60,000 Ib. with the same 
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spacing. The American Railway Engineering Association has adopted Cooper’s loadings, except 
that the special loads are spaced 7 ft. The live loads used by several prominent railroads are 
given in Table XVI. The heaviest locomotives in use on American railroads as given in Bulletin 
No. 161, November 1913, of the Am. Ry. Eng.Assoc., by Mr. J. E. Greiner, Consulting Engineer, 
are given in Table II. The maximum stresses in terms of the maximum stresses for E 50 loading 
for spans between roo ft. and ro ft. are given in the last two columns. The ratios for spans 
greater than 100 ft. are less than for those given. - The larger ratio is for short spans so that by 
increasing the special concentrated loads a bridge designed for an E 50 loading will safely carry 
the heaviest engines now in use. 
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To£a/ Weight In Hundred Thousand Lbs. 


4 / Curve FIo 


Tolal Wetght tr Hundred Thousand Lbs. 
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Fic. 9. WEIGHT oF SINGLE TRACK THROUGH Fic. 10. WEIGHT OF SINGLE TRACK THROUGH > 
RIVETED Truss SPANS. CHICAGO, Pin CONNECTED TRUSS SPANS. CHI- 
MILWAUKEE & ST. PAuL Ry. caGco, MILWAUKEE & ST. PAuL Ry. 
TABLE II. 


Heaviest LOCOMOTIVES AND RELATIVE STRESSES PRODUCED FOR SPANS OF I0 FT. TO 100 FT. 


Engine Alone. Double Header.* Proportional 
Stress. 


Weight in Wheel Propor- Weight in Wheel Weight 


tional From 
1,000 Lb. | Base, Ft. Weight. 1,000 Lb. | Base, Ft. |per Ft., Lb. 


IB AXGT asthe gaa Bn cies eee. 23.00 ; 710.0 104.0 6,830 
AGImtIGaee vie dorian Er 2t4.8 30.79 : 728.4 127.76 5,700 
EAITICW ie nets ctrccke nt cal, LAAT: 34.25 : 807.5 132.92 6,070 
Consolidation.:.......| 260.1 26.50 : 860.4 131.81 6,520 
T2eWiheel eee". os ein) = 202.0 27.08 : 817.4 130.15 6,280 


Decapodimstn acres 207.0 29.83 : 802.0 127.00 6,320 
iPacilicomomay aoe |(* 27:0 35.20 : 865.4 142.48 6,070 
Mikadoms maces Serra 240 5cO 35.00 : 960.0 150.00 6,400 
12 Wheel Articulatedt .| 334.5 30.66 : 473.8 64.56 7,340 


TO Coupledpaeser ee eee gOlLo 43.50 1,074.0 161.00 6,670 
20 Wheel Articulatedt .} 478.0 59-80 703.6 99.70 7,060 
16 Wheel Articulatedt .| 493.0 40.17 588.0 82.58 7,130 
24 Wheel Articulatedt .}| 616.0 65.92 ; 841.6 105.82 7,950 
12 Wheel Electric Motor} 300.4 38 50 ; 600.8 86.50 6,950 
16 Wheel Electric Motor] 320.0 44.22 640.0 102.84 6,220 


* Weight and wheel base for articulated engines are given for one engine and tender. 
t Given for comparison. 
t Mallet Type. 
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40'0" 26 000 
450" 34000 | 
50'0" 40 000 
550" 46 000 
60'0" 57 000 
65/0" 62 000 
700" 68 000 
75.0" 78 (00 

90 000 
00 000 
14 000 
130 000 « 
/50 000 « 
225 000 » 


850" 
90'0" 
DT” 
/90'°0" 
HO'0" 


CHAP. IV. 


rom base of Rail 
NS ee “k 


Low ae ib 


aie 8 y lop of Masonry 
Shear in thousands of pounds per rail. 
Loading -2-188:78 tor engines, Followed 

by 6000 bs: per foot unitarm load 


ERECTION NOTE :- 
In all spans, 30'0" to 60'0" in length, one 
girder will weigh 457 of total weight of spar 
In all spans 650" to H00 i length, one 
goer will weigh 46°5 per cent of total weight 
of Spans 


DATA ON 
DECK PLATE GIRDER 
SPANS 


WEIGHTS OF DECK PLATE GIRDER SPANS. 
ILLINOIS CENTRAL RAILROAD. 


SPANS SPANS 
[500 T0 3000" = 5300 3000" 70 6000" 6 
IN LENGTH WN LENGTH 
250; 600 
| 1200 
200 550 
1000 
/50 500 
H 600 600 4000 4200 440 
fe Joo VU 450 
IN 20 400 5400 3600 3800 
= ve Loading-2-188:75 Lon engines 
8 4 uniform /oxd- 
550 For Double Track Spans 
Hy 2200 2400 260 Increase curve weights 85 per cent» 


300 
600 800 (000 1200 140 /6W 1600 2000 


WEIGHTS OF SINGLE TRACK 
THROUGH PIN OR RIVETED SPANS 


HEIGHT IN THOUSANDS OF POUNDS 


Fic. 14. WEIGHTS oF SINGLE TRACK THROUGH SPANS 
ILLINOIS CENTRAL RAILROAD. 
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Note - All spans figured to carry 2 signal 
8000 20000 weighing 2000 pounds over each track 
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0-62 W= Weight of one spar 
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16000 
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Fic. 15. WEIGHTS OF SIGNAL BRIDGES. 
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WEIGHT OF SINGLE TRACK RR VIADUCT’ TOWERS. 
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Fic. 17. WEIGHT OF STEEL ViaDucTs. McCuintic-MARSHALL Construction Co. 
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Equivalent Uniform Load System.—The equivalent uniform load for calculating the stresses 
in trusses and the bending moments in beams, is the uniform load that will produce the same 
bending moment at the quarter points of the truss or beam as the maximum bending moment 
produced by the wheel concentrations. The equivalent uniform loadings for different spans for 
Cooper’s E 40 loading are given in Fig. 19. The equivalent uniform loading for E 60 loading 
will be 3 the values for E 4o in Fig. 19. In calculating the stresses in the truss members select 
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Fic. 19. EQUIVALENT Untrorm Live Loap For Cooper’s E40 LOADING. 
(Loads for one track.) 


the equivalent load for the given span, and calculate the chord and web stresses by the use of 
equal joint loads, as for highway bridges. In designing the stringers for bending moment take a 
loading for a span equal to one panel length, and for the maximum floorbeam reaction take a 


a7 


160 STEEL RAILWAY BRIDGES. Cuap. IV. 


loading for a span equal to two panel lengths. It is necessary to calculate the maximum end 
shears and the shears at intermediate points by wheel concentrations, or to‘use equivalent uni- 
form loads calculated for wheel concentrations. The calculated values of the moment, M, 
shear, S, and floorbeam reaction, R, for Class E 60 are given in Table III. The equivalent 
uniform load method has been advocated very strongly by Mr. J. A. L. Waddell who has de- 
scribed its use in detail in his ‘‘De Pontibus.’’ Live load stresses as calculated by the method 
of equivalent uniform loads are too small for the chords and webs between the ends of the truss 
and the quarter points, and are too large between the quarter points. The stresses obtained 
for the counters are too large. The live load stresses calculated by the method of equivalent 
uniform loads are sufficiently accurate for all practical purposes. Even though the equivalent 
uniform load method is simple to apply and gives results which are sufficiently accurate, it is now 
seldom used. : 

Uniform Load and One or Two Excess Loads.—A uniform load is used and to provide for 
the wheel concentrations one or two excess loads are assumed to run on top of the uniform load. 
This method is now rarely used. Ina paper entitled ‘‘ Rolling Loads on Bridges,’’ published in 
Bulletin No. 161, Am. Ry. Eng. Assoc., November 1913, Mr. J. E. Greiner, Consulting Engineer, 
found that thirty-eight of the thirty-nine most important railroads in the country used a system 
of wheel concentrations, and one road used a uniform load with a single excess load; the method 
of equivalent uniform loads was not used. 

MAXIMUM STRESSES.—tThe conditions of live loading for maximum stresses in beams 
and trusses are as follows. 

Uniform Live Load on Beam or Girder.—For bending moment the span should be fully 
loaded. For shear the longer segment of the span should be loaded. : 

Equal Joint Loads.—For bending moment (chord stresses) the bridge should be fully loaded. 
For shear (web stresses in trusses with parallel chords) the longer segment of the truss should be 
loaded for maximum stress, and the shorter segment of the truss should be loaded for maximum 
counter stress (minimum stress). 

Point of Maximum Bending Moment in a Beam.—The maximum bending moment in a 
beam loaded with moving loads will come under a heavy load when this load is as far from one 
end of the beam as the center of gravity of all the moving loads then on the beam is from the other 
end of the beam. 

Wheel Loads, Bridge with Parallel Chords.—The maximum bending moment at any joint 
in the loaded chord will occur when the average load on the left of the section is equal to the 
average load on the entire span. 

The maximum bending moment at any joint in the unloaded chord of a symmetrical Warren 
truss will occur when the average load on the entire span is equal to the average load on the left 
of the section, one-half of the load on the panel under the joint being considered as part of the 
load on the left of the section. 

The maximum shear in any panel of a truss will occur when the average load on the panel is 
equal to the average load on the entire bridge. 

Wheel Loads, Bridge with Inclined Chords.—The criterion for maximum bending moment: 
in a bridge with vertical posts is the same as for bridges with parallel chords. 

For web members the criterion is that 


P/L = P.(1 + aje)/t (1) 
where P = total load on the bridge; 

P, = load on the panel in question; 

L = span of bridge; 

1 = panel length; 

a = distance from left. abutment to left end of panel in question; 

e = distance from left abutment to intersection of top chord section of the panel produced 

and the lower chord. (The intersection is to the left and outside of the span.) 
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KINDS OF STRESS.—Bridges must be designed for the stresses due to (1) dead load; 
(2) live or moving load; (3) wind load; (4) snow load; (5) impact stresses; (6) temperature stresses; 
(7) centrifugal stresses, and (8) secondary stresses not taken into account in the calculations, 
In addition to the above it is necessary in determining the allowable stress in any member to take 
into account imperfections in materials and workmanship, possible increase in live loads, fatigue 
of metals, the frequency of the application of the stress, corrosion and deterioration of materials, 
etc. The structure should be so designed that no part will be ever stressed beyond the elastic 
limit. The allowable stresses for dead load are usually taken at about 60 to 70 per cent of the 
elastic limit; for an elastic limit of 30,000 Ib., the allowable working stresses for dead loads alone 
would then vary from 18,000 to 21,000 lb. per sq. in. 

IMPACT STRESSES.—As a load moves over the bridge it causes shocks and vibrations 
whereby the actual stresses are increased over those due to the static load alone. It is shown 
in mechanics of materials that a load suddenly applied to a bar or beam will produce stresses 
twice the stresses produced by the same load gradually applied. A bridge is a complex structure 
and it is not possible to determine the exact effect of the moving loads. It has been found by 
experiment that the ultimate strength for repeated loads is much less than for dead loads. Ina 
bridge it will be seen that the dead load is a fixed load and that the live load is a varying load. 

For stresses of one kind Professor Launhardt has proposed the following formula: 


Min. arress | 
Max. stress 


aS ( r+ (2) 
where P is the allowable working stress required, and S is the allowable working stress for live 
loads, varying from zero to the maximum stress. For stresses of opposite kinds Professor Wey- 
rauch has proposed the following formula: 


(3) 


PiceeS ( ‘ Min. stress ) 


2 Max. stress 


where P and S are the same as for the Launhardt formula, the maximum and minimum stresses 
being taken without sign. For columns and struts the allowable stresses as given by formulas 
(2) and (3) are to be reduced by a suitable column formula. 

There are three methods in common use for taking account of impact and fatigue: (1) Impact 
formulas; (2) Launhardt-Weyrauch formulas, and (3) Cooper’s Method. 

(1) Impact Formulas.—The formula in most common use is given in the form 


r=s(z55) (4) 


where I = impact stress to be added to the static live load stress, S = the static live load stress, 
L = the length in feet of the portion of the bridge that is loaded to produce the maximum stress 
in the member, and a and 0 are constants expressed in feet. The American Railway Engineering 
Association specifies for railway bridges, a = b = 300 ft. Mr. J. A. L. Waddell specifies a = 400 
ft., and 6 = 500 ft. for railway bridges; and a = too ft., and 6 = 150 ft. for highway bridges. 
For the names of several roads using A. R. E. A. impact formula, see Table XVI. ; 

For highway bridges the American Bridge Company specifies that the maximum live load 
stress shall be increased 25 per cent to cover impact and vibration. 

Mr, C: C. Schneider, M. Am. Soc. C. E., specifies that for electric railway bridges 


I = S- 150/(L + 300) (5) 
In the Osborn Engineering Company’s 1901 specifications for railway and for highway 
bridges.the impact is calculated by the formula 
I ES OSC) Se 9)) (6) 
12 


‘ 
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where S is the static live load stress and D is the dead load stress. This method is used by the 
Illinois Central R. R. . 

(2) Launhardt-Weyrauch Formulas.—Formula (2) is used for determining the allowable 
stress for stresses of one kind and formula (3) is used for determining the allowable stress for 
stresses of different kinds. This method is used in Thatcher’s Specifications, in Common Standard 
Specifications (Harriman Lines), and specifications of Pennsylvania Lines West of Pittsburgh. 

(3) Cooper’s Method.—Cooper uses formula (2) and calculates the area for the dead load 
and the area for the live load stress separately. For dead loads from formula (2) we have P = 2S, 
while for live loads the range of stress is from zero to the maximum, and P = S. 

For a reversal of stress Cooper designs the member to take both kinds of stress, but to each 
stress he adds eight-tenths of the lesser of the two stresses. 

IMPACT TESTS.—The American Railway Engineering Association has made an exhaustive 
series of tests to determine the effect of impact on railway bridges. The following summary is 
taken from the Proceedings of Am. Ry. Eng. Assoc., Vol. 12, Part 3. 


(1) With track in good condition the chief cause of impact was found to be the unbalanced 
drivers of the locomotive. Such inequalities of track as existed on the structures tested were of 
little influence on impact on girder flanges and main truss members of spans exceeding 60 to 75 
ft. in length. 

(2) When the rate of rotation of the locomotive drivers corresponds to the rate of vibration 
of the loaded structure, cumulative vibration is caused, which is the principal factor in pro- 
ducing impact in long spans. The speed of the train which produces this cumulative vibration is 
called the ‘‘critical speed.’’ A speed in excess of the critical speed, as well as a speed below the 
critical speed, will cause vibrations of less amplitude than those caused at or near the critical speed. 

(3) The longer the span length the slower is the critical speed and therefore the maximum 
impact on long spans will occur at slower speeds than on short spans. 

(4) For short spans, such that the critical speed is not reached by the moving train, the 
impact percentage tends to be constant so far as the effect of counterbalance is concerned, but 
the effect of rough track and wheels becomes of greater importance for such spans. 

(5) The impact as determined by extensometer measurements on flanges and chord members 
of trusses is somewhat greater than the percentages determined from measurements of deflection, 
but both values follow the same general law. 

(6) The maximum impact on web members (excepting hip verticals) occurs under the same 
conditions which cause maximum impact on chord members, and the percentages of impact for 
the two classes of members are practically the same. 

(7) The impact on stringers is about the same as on plate girder spans of the same length 
and the impact on floorbeams and hip verticals is about the same as on plate girders of a span 
equal to two panels. 

; (8) The maximum impact percentage as determined by these tests is closely given by the 
ormula 


P (7) 


in which J = impact percentage and / = span length in feet. , 

(9) The effect of differences of design was most noticeable with respect to differences in the 
bridge floors. An elastic floor, such as furnished by long ties supported on widely spaced stringers, 
or a ballasted floor, gave smoother curves than were obtained with more rigid floors. The results 
clearly indicated a cushioning effect with respect to impact due to open joints, rough wheels and 
sue causes. ‘This cushioning effect was noticed on stringers, hip verticals and short span 
girders. 

(10) The effect of design upon impact percentage for main truss members was not sufficiently 
marked to enable conclusions to be drawn. The impact percentage here considered refers to 
variations in the axial stresses in the members, and does not relate to vibrations of members 
themselves. 

(11) The impact due to the rapid application of a load, assuming smooth track and balanced 
loads, is found to be from both theoretical and experimental grounds, of no practical importance. 

(12) The impact caused by balanced compound and electric locomotives was very small and 
the vibrations caused under the loads were not cumulative. 

(13) The effect of rough and flat wheels was distinctly noticeable on floorbeams, but not 
on truss members. Large impact was, however, caused in several cases by heavily loaded freight 
cars moving at high speeds. 
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TABLE III. 


Maximum Moments, M; Enp SHears, S; AND FLOORBEAM Reactions, R; PER RAIL, FOR 
GIRDERS, 


Cooper’s E60 Loading (A. R. E. A.). 
Loading Two E 60 Engines and Train Load of 6,000 Pounds per Foot or Special Loading 
Two 75,000 Pound Axle Loads 7 Ft. C. to C. 
Moments in Thousands of Foot-Pounds. Shears and Floorbeam Reactions in Thousands of 
Pounds. 
Results for One Rail. Results from Special Loading marked*. A. R. E. A. Impact Formula. 


End _| Floorbeam | Floorbeam Span | Maximum | Moment 


Shear | Reaction Impact Moments | Impact 
Impact R. R’, M’. 
oe 


230.0) | 3725 *36.3 1426.3 | 1222.6 
*36.8 40.0 38.5 1474.7 | 1260.4 
Bieri 47.1 45.0 1522.8 1297.8 

*41.2 52.5 49.8 S71 Om |b 3 35h 
*44.5 | 56.7 53-5 1621.5 | 1374.2 
*47.2 60.0 : TO75- 2a Lamigey, 
*49.3 65.5 zOune 1728.0 | 1456.7 
=A iele 70.0 “ 1781.9 1497-4. 
53-1 73-9 : 1834.5 | 1537-4 

Gie2) 78.2 : 1891.4 | 1580.6 

Sie 82.0 : 1949.4 | 1624.5 

60.6 85.3 ; 2007.5 | 1668.3 

63.5 88.2 : 2064.3 1710.8 

.66.0 gI.0 ; Perk || iA 40) 
68.3 94.3 ; 2183.3 | 1799.4 

70.3 98.3 ; 2246.3 1846.3 

72.1 101.9 : 2309.3 1893.0 

pak 105.2 é 2378.3 1943.2 

Gasp 108.2 3 2435.4. 1985.3 

76.9 110.9 é 2498.4 | 2031.2 

7ScOn| emis es ; 2561.3. | 2076.8 

80.2 | 116.6 : DOQARR en 2022 

81.6 120.1 5 2688.0 | 2168.0 

82. 122% : 2750.9 Aas 

ee Se ‘ 2818.5 2260.7 

86.0 129.4 4 2888.6 | 2310.9 

87.5 e207 : 2958.0 | 2360.1 

136.5 : 3028.6 | 2410.0 

140.0 : 3096.6 | 2457.6 

143.2 A 3168.2 | 2507.8 

6. : 3240.7 | 2558.5 

ae Bie 4 al 2007 41 
3385.1 | 2658.4 
3459.6 | 2709.8 
3534.6 | 2761.4 
3610.4 | 2813.3 
3689.4 | 2867.4 
3766.5 | 2919.8 
3846.0 | 2973.7 
3924.3 | 3026.5 
4005.8 | 3081.4 
4084.4 | 3133.8 
4164.0 | 3186.7 
4246.6 | 3241.6 
4328.0 | 3295.4 


s 
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TABLE III.— Continued. 


Maximum Moments, M; Enp Suears, S;. AND FLooRBEAM REacTIons, R; PER RAIL, FOR 
GIRDERS. 
Cooper’s E60 Loading (A. R. E. A.). 


Maximum | Moment | End ee Floorbeam | Floorbeam | Span | Maximum | Moment] End eee 
Moments | Impact, |} Shear Impact Reaction I L, Moments | Impact | Shear Impact 
M’. Ss. Ss! i R’. M. M’. 2 


4408.4 | 3348.2 | 215.4 .6 | Viaduct 5829.6 | 4265.5 .O | 177.8 
4490.7 | 3402.0 | 217.2 . 5937-4 | 4333-9 8 | 178.7 
4573-5 | 3456.0 | 219.2 i ereracier ones 6040.0 | 4398.1 6 | 179.5 
4659.8 | 3512.4 | 221.2 : : 6148.2 | 4466.0 3 | 180.3 
4743.8 | 3566.7 | 223.1 : 6258.0 | 4534.8 .O | 181.2 
4830.0 | 3622.5 | 225.0 ; Seeraeiereee 6366.8 | 4602.5 8 | 182.0 
4916.9 | 3678.5 | 226.8 : S 6478.0 | 4671.6 6 | 182.9 
5004.0 | 3734.4. | 228.6 : 6586.1 | 4738.2 3 | 183.6 
5115.5 | 3808.1 | 230.4 ; ; 6696.6 | 4806.1 .O | 184.4 
5212.8 | 3870.9 | 232.3 : 6808.3. | 4874.7 8 | 185.3 
5306.5 | 3930.7 | 234.1 : 6921.6 | 4944.0 .5 | 186.1 
5401.3 | 3991.1 | 235.9 : 7030.5 | 5009.9 .2 | 186.9 
5499-2 | 4053.4 | 237.7 . 7143-8 | 5078.5 .O | 187.7 
5617.0 | 4130.1 | 239.4 NOullacidaete raven ctbetataie Bese ote 7260.1 | 5148.9 -7 | 188.4 
5727-6 | 4201.1 | 241.2 20: et eae ees on cee 7376.4 | 5219.1 4 | 189.2 


7495.2 | 5290.7 .I | 190.0 


CALCULATION OF STRESSES.—For the calculation of stresses in railway bridges, see 
the author’s ‘‘The Design of Highway Bridges;’’ Johnson, Bryan & Turneaure’s ‘‘Framed Struc- 
tures,” Part I; Marburg’s ‘‘Framed Structures,” Part I; Spofford’s ‘‘Theory of Structures”; or 
other standard textbook. 

Moments, End Shears and Floorbeam Reactions——The maximum bending moments and 
end shears, for Cooper’s E 60, and A. R. E. A. special loadings, for girders up to 125 ft. span are 
given in Table III. The maximum moments occur at a point near the center of the girder. 
Maximum floorbeam reactions are given for stringers up to 40 ft. span. The table also gives 
the impact stress calculated for A. R. E. A. impact formula (4). 

The maximum moments, end shears, quarter-point shears, center shears, and maximum 
floorbeam reactions for girders up to 75 ft. span are given in-Table IV. 

Moment Diagram.—A diagram giving the position of the wheels in Cooper’s E loadings that 
will produce maximum moment in a beam or at a panel point in a truss is given in Table Va. 
The condition for maximum shear in the first panel is the same as for bending moment at Li, 
which value may be obtained from Table Va. Other loadings for maximum shear must be cal- 
culated by means of the criterion given above. 

A moment diagram for Cooper’s E 60 loading is given in Table Vb, and brief instructions 
for use of the table are given on the page opposite Table Vb. 

Shears in Bridges.—Shears in the panels of the loaded chords of spans with 3 to 9 panels, 
for Cooper’s E 50 loading, are given in Table VI, Table VII, and Table VIII. To obtain the 
shears for E 60 loading multiply the tabular values by $. The stresses in the web members of a 
Pratt truss are equal to the shears X sec 0, where 0 is the angle that each web member makes with 
a vertical line. The tables were calculated by the McClintic-Marshall Construction Company. 

Moments in Bridges.—Bending Moments in beams and girders and at points in the loaded 
chord of bridges, are given in Table IX and Table X. The bending moments for an E 60 loading 
will be equal to the tabular values X $. 

For example, the bending moment for an E 50 loading, at joint Z1, in an 8 panel truss of 200-ft. 
span from Table X, is 6,787 thousand ft.-lb. For an E 60 loading the bending moment at joint 
Ly is 6,787 X 6/5 = 8,145 thousand ft.-lb., which checks the value calculated from Table Vb 
on the page opposite Table Vb. The tables were calculated by the McClintic-Marshall Con- 
struction Company. 

Elevated Trestle Span Reactions.—The floorbeam reactions and the maximum reactions of 
the intermediate and tower spans of elevated railway trestles may be calculated from Table IX 
and Table X, as follows: 

Required the end reactions for a 40 ft. tower span and an 80 ft. intermediate span. Take a 
span equal to 40 + 80 = 120 ft., and calculate the bending moment at a point 40 ft. from the 
left end. In Table IX, take a 6-panel bridge with 20 ft. panels, the bending moment at Lz is 
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M = 5,255 thousand ft.-lb. Then the reaction, R = MX a = M X 3/80 = 5.255 X 3/80 


= 197.1 thousand Ib. For E60, Ri = RX 6/5 = 197.1 X 6/5 = 236.5 thousand lb., which 
checks the value in Table III. ; 


TABLE IV. 


Maximum END SHEARS, QUARTER-POINT SHEARS, CENTER SHEARS; Maximum MoMENTs, AND 
FLOORBEAM REACTIONS FOR GIRDERS. 


Cooper’s E60 Loading (A. R. E. A.). 
Moments in Thousands of Foot-Pounds. Shears and Floorbeam Reactions in Thousands of 


Pounds. 
Results for One Rail. Results from Special Loading marked*. 


End Quarter Center | Maximum | Floorbeam Span] End Quarter Center | Maximum 


Point Point 
Shear. Shear Shear. Moment. | Reaction. .. Shear. crea.” Shear, Moment. 


*48.8 30.0 *18.8 HEO 327, 60.0 122.5 Thess) 35.2 
Sorte a2. *18.8 *103.0 65.5 124.2 76.1 315.0 
PE eon] esa 4 *18.8 120.0 70.0 125.9 Gifes 36.0 
55-4 | *36.0 *18.8 142.5 73.9 127.5 78.2 36.3 
57.8 | *37.5 19.3 165.0 78.2 129.2 79.2 36.8 


60.0 | *38.8 *20.0 187.5 82.0 130.8 80.2 37.2 
63.8 | *39.9 : 210.0 85.3 132.5 81.2 37.8 
67.1 41.1 - 232.5 88.2 134.1 82.2 38.3 
70.0 42.6 ‘ 255.0 gI.0 135.7 83.1 38.7 
72.6 43.8 : 280.0 94.3 137.4 84.1 39.2 


75.0 45.0 ‘ 309.5 98.3 139.0 85.2 39.6 
why ei 47.2 : 339.0 101.9 140.6 86.3 40.0 
79.1 49.2 3 368.5 105.2 142.2 87.3 40.4 
80.9 50.8 ; 398.2 108.2 143.8 88.3 40.8 
83.1 E 427.8 110.9 14.5.4 89.3 41.3 


85.2 4 AS7T5 TI s5 147.0 90.2 41.8 
87.1 : 487.2 116.6 148.6 gI.1 42.3 
88.9 6. 2 516.9 120.1 150.2 92.0 42.8 
90.6 : ; 548.3 123.4 152.0 92.9 43-2 
92.3 . 582.0 126.5 153.8 93. 43-7 


94.6 : 615.8 129.4 155.7 94.7 44.1 
96.6 : : 649.3 T3207, 157-5 95.6 44.6 
98.6 z : 683.2 136.5 159.6 96.5 45.0 
100.4 é ‘ 716.9 140.0 161.7 97.4. 45.4 
102.1 ‘ ; 750.6 163.8 98. 45-7 


103.8 : BS dah Pan ete srocetn ae 165.8 99.2 46.2 
ee : S23-On nee eiccene 167.7. |= 100.1 46.6 
107.8 ; ‘ 861.6 170.0 | 101.0 47.1 
109.7 , : 900.0 172.2 | 101.9 47.5 
III.4 : ; 940.0 174.4 102.8 48.0 


13.1 : 983.4 176.5 | 103.6 48.4. 
1105.2 ; ; 1027.0 
117.2 ; ; 1070.4 
119.0 : F 1113.9 
120.8 ; 1157-4 
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SHEARS FOR THROUGH S5PANS 
COOPER’S E°50 LOADING 
Shears in Thousands of Pounds for 


STEEL RAILWAY BRIDGES. 
TABLE VI. 
Maximum SHEARS IN TRUSS BRIDGES FOR COOPER’sS E50 LOADING. 
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TABLE VII. 


Maximum SHEARS IN Truss BRIDGES FOR CoopEerR’s E50 LOADING. 
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TABLE VIII. 
Maximum SHEARS IN Truss BRIDGES FOR COOPER’S E50 LOADING. 


75 F:50 LOADING 


SHEARS FOR THROUGH S5PANS 
COOPER 


Shears in Thousands of Pounds 


One Rail. 


Lp te 


Lo 


O38 | 646 


629 


Lolz 


Lil2 


[167 | (794 181-9| B45 
/05:6| 105.4 071 108-9 
Lels| 469 521 52 


Lol, \/74\ 1741 
LiL2\l00-1\ 10/9 


Lo / 


B45 


[39-0\ldl-3 


L090 


Le 


Z 


LILIA LIE-6 \LL/8 
3 | [£35| LEB 
85:0| 843) 85-7 \ 87-0 


Lels 


4| 381 |38-6 436 


vA 


2979| 3023 
lob 


VA 
oe 


(E\Z250 


/E4AE7-0 IEF 
[99A\/O/-7 


BL Lob 
° 0 TELS g 
AN MIB ILS] LZOWLA- 
(O\ 1 
335-0 
4, 


Ss N a 
NOT STISPSTRINTS STS 9 SISTSTSIQIS/ SI Ol) 
« (BL SSSSSSRRSSSRSSSER SS SRS 
: 


M30 

212936 

SZ18A\Z208 
D520 


| 103:1\/04-6|/06-3\ 107-9 \/095| II-O\ 26 


| /0/- 


1788 

/ 
69:6 
/ | B26 
LECA\L E49 
[347 


Los 
he\ Lilo 


a ee 
NUN INT NIN NNN 


626 | 63:7 
LLA\ 28-8 29-5 


LL | MONZONLIAR IGS | 624 | 2063| ZI02\2 UNI PB \ LEM 2 I5-0\ 300.5 


LeL5\ 1867\ 189-6\/92A\ 95-\/IFO | 200.I| 203-8\206-7\ 2045 | 2/53) 22/- 
£8-9| WA\ W-8\ 93-3\94-8| 962\ 976 | 99-0\/00.A| 103-/|105-8 
FI | 52A| 53-3| 542\ F5-0| $5.9| 56-8 | 576 | 58-4| 60:3| 620 


LEO\ LEO 


1523 
Lol N/E O\ZL0/ 


Lals 
Lsl¢ 


171 


MAXIMUM BENDING MOMENTS IN PRATT TRUSSES. 


TABLE IX. 
Maximum BENDING Moments IN Pratt Truss BripcEes For Coorer’s E50 LOADING. 
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TABLE X. 
Maximum Benpinc Moments IN Pratt Truss BRIDGES FOR COOPER’S E50 LOADING. 
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SHEARS AND MOMENTS IN A PLATE GIRDER BRIDGE.—The maximum shears 
and moments in an 86 ft. span deck girder railway bridge are shown in Fig, 20. In calculating the 
maximum live load shears the girder was divided into sections about 7 ft. in length and the maxi- 
mum shears were calculated as in a truss bridge. The maximum bending moments were also 
calculated for the same points in the girder. The make-up of the tension flange and the rivet 
spacing is shown in Fig. 20. 

The stress diagram for a 60 ft. span single track deck plate girder bridge is shown in Fig. 21. 
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Fic. 20. SHEARS AND MOMENTS IN A RAILWAY PLATE GIRDER. 


MATERIAL.—Open-hearth carbon steel complying with the specifications of the Am. Ry. 
Eng. Assoc. as given in the last part of this chapter is commonly used for bridges up to spans 
of 500 to 550 feet. For spans of more than 500 or 550 feet to about 650 feet carbon and nickel 
steel are used, or nickel steel alone is used. For spans of 650 to 750 feet nickel steel alone should 
be used. For an exhaustive discussion of the use of nickel steel in the construction of bridges see 
article entitled “‘ Nickel Steel for Bridges’ by Mr. J. A. L. Waddell, M. Am. Soc. C. E., in Trans. 
Am. Soc. C. E., Vol. 63, 1909. An excellent discussion of the design of large bridges is given in 
“Design of Large Bridges with Special Reference to the Quebec Bridge” by Ralph Modjeski, 
Consulting Engineer, in Journal Franklin Institute, September, 1913. 

ALLOWABLE STRESSES.—The allowable stresses on carbon steel as adopted by the Am. 
Ry. Eng. Assoc. are given in the specifications in the last part of this chapter. Out of 39 railroads 
in the United States 24 were using the Am. Ry. Eng. Assoc. specifications for allowable unit 
stresses in 1913. For additional data on unit stresses, see Table XVI. 
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The author would recom- 


connected truss bridges have 


been used for railroads on account of the ease of erection, ease in calculating the stresses, and the 


simplicity of details which give small secondary stresses. 


The present practice in railway bridge 


ECONOMIC DESIGN OF RAILWAY BRIDGES.—Pin 


design is to use plate girders for spans up to about 115 ft., and riveted truss bridges for longer 
spans; pin-connected bridges being used only for very long spans and for spans of 200 ft. and over 


where there is some special reason such as ease of erection or low cost. 
(1) the weight of a pin-connected truss bridge with eye-bars is less than the weight of a riveted truss 


mend pin-connected truss bridges for all spans of 200 ft. and over for the following reasons:— 
bridge of the same span and capacity, and while the shop cost per pound of pin-connected truss 


DESIGN OF RAILWAY BRIDGES. 175 


bridges is slightly higher than for riveted truss bridges, the total cost erected of the structural 
steel in the pin-connected bridge is less than the steel in the riveted bridge. (2) The pin-con- 
nected truss bridge can be erected in less time at a very much less cost than the riveted truss bridge. 
(3) The secondary stresses in the pin-connected truss bridge are smaller than in the riveted truss 
bridge and the structure is more efficient. (4) With the present ballasted floors the vibration 
and impact stresses are no greater in a pin-connected truss bridge than in a riveted truss bridge. 
Riveted tension members are difficult to design and are expensive of material and labor. Eye- 
bars are ideal tension members in which the material is used efficiently. For the above reasons 
the author predicts that the pin-connected bridge for spans of 200 ft. and over will regain its 
place as a standard type of railroad bridge. 

The Pratt truss with parallel chords is used for pin-connected spans up to about 250 ft., 
while riveted truss spans are made with Pratt or Warren trusses; double and triple intersection 
trusses are also used for riveted trusses. For long span bridges the subdivided Pratt truss with 
inclined chords (Petit truss) is generally used. The width center to center of trusses should not 
be less than one-twentieth of the span, and preferably not less than one-eighteenth. The height 
at the center should be from one-fifth to one-seventh of the span; the Municipal Bridge at St. 
Louis has a center height of one-sixth of the span. The height at the ends should be only sufficient 
for an effective portal. The most economical inclination of diagonals is very nearly 40 degrees, 
so that in a Petit truss the panel length should be about 0.42 times the height. For the most 
economical web system the panels should vary in length as the depth varies, but this increases 
the weight of the floor and also increases the shop cost and cost of erection, so that constant panel 
lengths are commonly used. One railroad specification requires that panel lengths shall not 
exceed 35 feet. For truss bridges of the Pratt type with two stringers and an open timber floor 
the present practice is to use a panel length of 223 to 273 ft., with 25 ft. asan average. Increasing 
the length of the panels increases the weight of the floor system, and decreases the weight of the 
trusses. The economical panel lengths for bridges with ballasted floor is less than for bridges with 
open timber floor. Riveted truss bridges with triple-intersection web members, Fig. 41, are 
made with very short panels. 

With the increase in the size of the sections in a bridge great care must be taken in detailing 
to use details that will develop the full strength of the members. Increased details increase the 
shop cost and for this reason there is a tendency for bridge companies to cut down details and to 
change details so as to simplify shop work even at the expense of added weight in order to obtain 
a low pound price. For this reason detail drawings, not necessarily shop drawings, should always 
be made by the designing engineer. The author has in mind a case where to change the details 
of a plate girder so that multiple punches might be used required the addition of details equal to 
5 per cent of the weight of the span and the addition of 25 per cent to the number of field rivets, 
with no increase in efficiency. It is needless to say the change was not made. 

An empirical rule for calculating the economical depth of plate girder spans is to make the 
area of the flanges equal to the area of the webs. The actual depths of plate girders are commonly 
slightly less than the depth given by the above rule. The minimum thickness of § inch for plate 
girder webs should be used only for stringers with short spans, and the thickness of the web 
should be increased as the span and depth of the girder increases. For the depths and spacing of 
plate girders designed under Common Standard Specifications 1006, see Table I. 

DETAILS OF RAILWAY BRIDGES.—It is very important that the details of railway 
bridges be worked out with great care. A few standard details will be briefly described. 

Sections for Chords and Posts.—Chord sections are shown in (a) to (i) in Fig. 22.. Sections 
(a) and (b) are used for light chords and (c), (d) and (e) for heavy chords. Sections (a) and (d) are 
also made by turning the angles in, as in section (i). Sections (f) to (i) are used for chord sections, 
for intermediate posts and for columns. Sections (n) and (p) to (t) are used for column sections. 
Chord sections, posts and columns with diaphragms or webs at right angles to each other as in 
(a) to (e), (n), and (p) to (t) give much better results under actual service than laced sections as 
in (f) to (i) and (0). Sections (j) to (m) and (0) are used for struts and braces, 


» 
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Floors.—Bridges may have open timber floors as in Fig. 23, or ballasted floors as in Fig. 24, 
or in Fig. 25. For track elevation and for bridges crossing over streets, buildings, and similar 
locations and for ballasted floors, the bridge floor is waterproofed and the water falling on the 
floor is carried to the ground through properly arranged drains. 
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Fic. 22. Types orf CoLuUMNS AND Top CHorD SECTIONS. 


Details ef the standard timber floors used by the Southern Pacific R. R., the Union Pacific 
R. R. and other Harriman Lines are given in Fig. 23. For additional details of open timber floors 
see Fig. 1 and Fig. 2, Chapter VII. The American Railway Engineering Association in 1912 
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TIMBER FLOORS. 
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recommended that guard timbers be used on all open-floor bridges, also that guard rails be used 
on all bridges, and that the guard rails should extend at least 50 ft. beyond the end of the bridge. 
For additional details see Chapter VII, ‘‘Timber Bridges and Trestles.” 

Details of a ballasted floor with a reinforced concrete slab deck, and a ballasted floor with a 
timber deck, as designed and used by the Chicago, Milwaukee & St. Paul Ry. are given in 
Fig. 24. The reinforced concrete slabs are made either at the bridge site or at some other con- 
venient location and are hoisted into place after the concrete has gained sufficient strength. 

The Chicago, Burlington & Quincy R. R. uses reinforced concrete slabs for a ballasted deck 
on deck girders that differ from the Chicago, Milwaukee & St. Paul slabs in Fig. 24, in the following 
details. The reinforced concrete slabs are 14 ft. long in place of 13 ft.; and are 5 ft. wide in place 
of 3 ft. 7 in. The top of the slabs and the edges of the slabs are painted with tar paint (made of 
16 parts coal tar, 4 parts Portland cement, and 3 parts kerosene). The edges of the reinforced 
concrete slabs are beveled and after the slabs are laid the joint between the slabs is packed with 
oakum for a depth of 1 in. at the bottom and the remainder of the joint is filled with 1 to 3 Portland 
cement mortar. Where the reinforced concrete deck is placed on a deck girder with cover plates, 
a strip of No. 22 gage lead 3 in. wider than the cover plate is placed on top of the cover plate and 
forced down over the rivet heads. After the slabs have been put in place and blocked up to the 
proper elevation the space between the lead sheet and the slab is filled with 1 to 3 Portland cement 
mortar. The minimum thickness of the mortar joint is one inch. Cinders or slag are not used 
for ballast on reinforced concrete slab decks. 

A standard reinforced concrete floor for a through plate girder bridge as designed by the 
Chicago, Burlington & Quincy R. R. is shown in Fig. 25. The concrete is 1: 2:4 Portland 
cement concrete. The upper surface of the concrete slab is painted with coal tar paint, the same 
as the deck slabs. Zinc sheets, No. 22 gage and 8 in. wide are placed on the tops of the floorbeams. 

A steel plate ballasted floor on a through riveted truss bridge is shown in Fig. 41. 

WATERPROOFING BRIDGE FLOORS.—The problem of waterproofing bridge floors is a 
difficult one and has been worked out in great detail by the engineers of many railroads, and by 
the American Railway Engineering Association. For a very full discussion of the problem, see 
the proceedings of the American Railway Engineering Association, especially Volume 14, 1913, 
and Volume 15, 1914. The following extracts from the report of a committee of the American 
Railway Engineering Association presented at the annual meeting of the society in March, 1914, 
are of value. 

The methods of waterproofing are stated as follows:— 

“The ordinary methods of waterproofing are. 

“(1) Coatings: (a) Linseed oil paints and varnishes. (b) Bituminous; asphalt and coal tar. 
(c) Liquid hydrocarbons. (d) Miscellaneous compounds. (e) Cement mortar. 

““(2) Membranes: Felts and burlaps in combination with various cementing compounds. 

““(3) Integrals: (a) Inert fillers. (b) Active fillers. 

“(a) Watertight concrete construction.” 

The conclusions reached in the report are as follows:— 

““(1) Watertight concrete may be obtained by proper design, reinforcing the concrete against 
cracks due to expansion and contraction, using the proper proportions of cement and graded aggre- 
gates to secure the filling of the voids and employing proper workmanship and close supervision. 

‘“(2) Membrane waterproofing, of either asphalt or pure coal tar pitch in connection with felts 
and burlaps, with proper number of layers, good materials and workmanship and good working 
conditions, 7s recommended as good practice for waterproofing masonry, concrete and bridge floors. 

’“(3) Permanent drainage of bridge floors is essential to secure good results in waterproofing. 

““(4) Integral methods of waterproofing concrete have given good results. Special care is 
required to properly proportion the concrete, mix thoroughly and deposit properly so as to have 
the void-filling compounds do the required duty; if this is neglected the value of the compound is 
lost and its waterproofing effect is destroyed. Careful tests should be made to ascertain the 
proper proportions and effectiveness of such compounds. Integral compounds should be used 
with caution, ascertaining their chemical action on the concrete as well as their effect on its 
strength; as a general rule, integral compounds are not to be recommended, since the same results 
as to watertightness can be obtained by adding a small percentage of cement and properly grading 
the aggregate. 
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““(s) Surface coatings, such as cement mortar, asphalt or bituminous mastic, if properly 
applied to masonry reinforced against cracks produced by settlement, expansion and contraction, 
may be successfully used for waterproofing arches, abutments, retaining walls, reservoirs and 
similar structures; for important work under high pressure of water these cannot be recommended 
for all conditions. 
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“(6) Surface brush coatings, such as oil paints and varnishes, are not considered reliable or 
lasting for waterproofing of masonry.” 

The membrane method of waterproofing bridge floors will be shown by describing the standard 
methods of waterproofing in use by two railroads. 

CHICAGO, MILWAUKEE & ST. PAUL RY. SPECIFICATIONS FOR WATERPROOFING. 
The specifications of the Chicago, Milwaukee & St. Paul Ry. for waterproofing are as follows: 

The necessary provision for drainage and expansion must be made in designing the structure. 
The waterproofing should never be compelled to resist hydrostatic pressure, and the membrane 
should always be protected by a layer of concrete. 

(1) Preliminary.—Fill all openings and pockets in the concrete except expansion joints 
with cement mortar, and round off all sharp corners. Wherever waterproofing stops on a vertical 
surface the end should be flashed into a groove in the concrete. 

(2) Preparing the Surface-—Thoroughly clean and dry the concrete surface using wire 
brushes and being careful to remove all the laitance. If necessary use hot sand to dry the con- 
crete. Apply a coat of gasolene to the clean dry surface and follow with a coat of cold primer, 
spreading the primer evenly with a brush. Omit the primer where tar paper is to be placed and 
over expansion joints. y 

(3) Laying the Burlap.—After the primer coat has completely dried, apply a coat of pure 
hot asphalt, and mop until the layer has a thickness of ; in. While the asphalt is still hot begin 
laying the burlap. Lay the first strip of burlap transverse to the drainage at the lowest point. 
Lay the strips shingle fashion, as for tar and gravel roofs, and parallel to the first strip working 
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up to the summit and exposing one-third of each width of burlap to the weather. Press each 
strip firmly into the asphalt, then mop well with pure melted asphalt taking care to thoroughly 
saturate the burlap and to fill all cracks and blow holes. Lap the joints in the strips 6 in. On 
this three-ply layer of burlap spread a continuous layer of hot asphalt mopping well until a layer 
of % in. is obtained. See (f) Fig. 26. 

iyi. 54) Summit Joints.—After the work has been brought up to the desired point from both 
sides, interlap in order the strips which reach across the joint, mopping asphalt between burlap 
surfaces. Place a strip of burlap along the joint for a closing strip; and complete by laying the 
upper % in. of asphalt as before described. See (g) Fig. 26. 

_. (5) Longitudinal Joints.—If possible the waterproofing should be laid in one run the full 
width transverse to the drain slope of the surface to be waterproofed. The ends of the burlap 
strips should be flashed into recesses in the walls, curbs or parapets as shown in (e) Fig. 26. Where 
longitudinal joints are necessary cut the burlap long enough to extend 12 in. beyond the primed 
and asphalted surface of the concrete and use care as the strips are laid that the 12 in. strip is 
kept free from asphalt. When the succeeding section is to be waterproofed fold back the projecting 
strips of burlap over the completed waterproofing and bring the new up against the completed 
portion of the waterproofing, interlapping the projecting ends of the burlap with the new burlap 
as the work progresses, (f) Fig. 26. On concrete trestle or subway slabs longitudinal joints in 
the waterproofing should preferably be on the center line of the slabs. If it is necessary to place 
joints in the waterproofing over joints in the slabs special care should be taken. 

(6) Expansion Joints.—Lay two contintious strips of tar paper 36 in. wide over the expansion 
joint, being careful to see that no asphalt gets between or under the two strips of tar paper. Then 
mop the top strip with hot asphalt and carry the waterproofing over the top of the paper the 
same as if no joint existed. See (b) and (h) Fig. 26. 

(7) Concrete Protection.—After the § in. layer of asphalt on top of the burlap has become 
cold, spread a 3 in. layer of concrete evenly over the surface. Then press a layer of expanded 
metal into the concrete, and cover the metal with a layer of concrete } in. thick making the total 
thickness of the concrete 1% in., and trowel the concrete smooth. Protect the concrete from the 
= for 24 hours after laying. The joints in the expanded metal should be lapped 6 in. See (d) 

ig. 26. 

(8) Materials.— Burlap.—The burlap is to be treated 8 oz. open mesh furnished in widths 
of 36 in. to 42 in. 

Concrete-—The concrete is to be 1 part Portland cement, 2 parts torpedo sand, and 3 parts 
stone or gravel that will pass a 3 in. ring. 

Mortar.—The mortar is to be I part Portland cement and 2 parts washed torpedo sand. 

Primer.—The primer is made by pouring hot asphalt in 80 per cent gasolene until mixture 
will spread readily with a brush. 

Asphalt.—Pure asphalt conforming to accepted specifications is to be used. Before using 
the asphalt heat it in a suitable kettle to a temperature not exceeding 450° F. The temperature 
is to be taken with a thermometer. Asphalt heated above 450 degrees F. or giving off yellow 
fumes is to be discarded as overheated. 

Expanded Metal——The expanded metal is to be equivalent to Northwestern Expanded 
Metal Co’s. ‘‘24 in. No. 16 Regular” expanded metal. 

Tar Paper.—The tar paper will be furnished in rolls 36 in. wide. 

CHICAGO, BURLINGTON & QUINCY R. R. SPECIFICATIONS FOR WATERPROOF- 
ING.—The specifications of the Chicago, Burlington& Quincy R. R.forwaterproofing are as follows: 

(1) Description.—The waterproofing shall consist of a mat of 4-ply of burlap and 1-ply of 
felt thoroughly saturated and bonded together with waterproofing asphalt and covered with one 
inch of sand and asphalt mastic. 

(2) Preparing the Surface.—The surface of the concrete shall be smooth, clean and dry. 
Upon this surface apply a coat of primer, which shall be thin enough to penetrate the concrete 
and form an anchorage for the waterproofing. No waterproofing shall be done when the temperature 
ts less than 60 degrees F. 

(3) Applying the Burlap.—After the priming coat has dried, a heavy coat of waterproofing 
asphalt heated to a temperature of 400 degrees F. shall be applied with mops the width of the 
burlap, and while the asphalt is still hot a layer of burlap shall be bedded in it. The burlap 
shall be laid just behind the mopping and shall be swept free from folds and pockets with a broom. 
The surface of the burlap shall be heavily mopped with waterproofing asphalt. Three more ply 
of burlap shall be laid in the same manner, making a 4-ply burlap mat all thoroughly saturated 
and bonded together. : 

The top of the burlap mat shall be heavily mopped with asphalt and one layer of felt saturated 
with asphalt shall be laid on the burlap and the edges of the felt lapped at least 3 inches and sealed 
with asphalt. The top of this felt shall also be mopped with waterproofing asphalt. 

(4) Mastic Protection.—The burlap and felt mat shall be covered with one inch of asphalt 
mastic laid in one layer, the mastic to be composed of one part waterproofing asphalt and four 
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parts fine gravel graded from + in. to fine sand. The top of the mastic shall be leveled off with 
wooden floats and mopped with waterproofing asphalt. ; ‘ 

(5) Expansion Joints.—At all expansion joints in the concrete a fold to allow for the ex- 
pansion of the structure shall be formed by laying the burlap and felt over a one-inch pipe; the 
pipe being removed as the mat is being completed. 

(6) Splices and Flashing.—Where the work is stopped before being completed at least 3 feet 
of paren at the end and one-half the width of the burlap at the side shall be left exposed to form a 
splice. 

Special care shall be taken to seal the waterproofing at the sides and ends of the bridge. The 
burlap and mastic shall be carried up the parapet walls at the sides and the ends of the burlap 
shall be concreted into a recess in the walls so that no water can enter. The burlap shall be 
carried down over the back-walls at the ends of the bridge to cover all construction joints and 
shall run into a line of tile to facilitate the escape of the water. 

(7) Materials.— Burlap.—The burlap is to be 8 oz. open mesh high grade burlap saturated 
with an asphalt meeting the specifications for waterproofing asphalt. It shall come in rolls 
which shall be placed on end for shipment and storage, and shall not stick together in the roll. 

Felt,—The felt shall be a good quality of wool felt saturated and coated with an asphalt 
meeting the specifications for waterproofing asphalt. It shall come in rolls which shall be placed 
on end for shipment and storage, and shall not stick together in the roll. It shall not weigh less 
than 15 lb. per 100 sq. ft. 

Primer.—The primer shall be an asphaltic compound of approved quality and capable of 
adhering firmly to the concrete. 

Waterproofing Asphalt.—The waterproofing asphalt shall meet the following requirements. 

1. The specific gravity of the asphalt desired shall be greater than 0.95 at 77 degrees F. 

2. The flowing point shall not be less than 100 degrees F. nor more than 140 degrees F. 

3. The flash point shall not be lower than 450 degrees F. 
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Fic. 26. STANDARD METHOD OF WATERPROOFING BRIDGE Fioors., C. M. & Sr. P. Ry. 


4. The penetration at 80 degrees F. for a period of 30 seconds shall be at least 15 millimeters 
and must not exceed 20 millimeters. This penetration to be measured with a Vicat needle weighing 
300 grams, one end being one millimeter in diameter for a distance of 6 centimeters. 

5. When heated to a temperature of 325 degrees F. for 7 hours the loss in weight shall not 
exceed 2 per cent and the penetration of the residue at 80 degrees F. and for the period of 30 
seconds using the same instrument as described above shall not be reduced more than 50 per cent. 

6. The total soluble in carbon bisulphide shall not be less than 99 per cent, 

7. The total soluble in 88 degree naptha shall not be less than 70 per cent. 

8. The total inorganic matter or ash shall not exceed one per cent. 

9g. Cold Test. 2 

a. A cube of the asphalt one inch on edge shall be soft and malleable at a temperature of 
zero degrees F. 
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b. A film of the asphalt having a thickness not less than 7 inch shall be so pliable at zero 
degrees F. that it can be bent in a radius of 2 inches. The total time consumed 1 in the bending 
of this film shall not exceed 3 seconds. 

10. The asphalt shall not be affected by any of the following solutions, after being immersed 
in them for a period of 3 days:—(a) a 25 per cent solution of sulphuric acid; (b) a 25 per-cent 
solution of hydrochloric acid; (c) a 20 per cent solution of ammonia. 


FLOORBEAM CONNECTIONS.—tThe details of floorbeam connections depend upon the 
clearance, depth of truss, length of panels and type of floor. A standard type of floorbeam con- 
nection for a pin-connected truss of 150 ft. span is shown in Fig. 28, and details of the lower lateral 
connection are shown in Fig. 27. Details of a floorbeam connection for a pin-connected truss with 
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Fic. 29. INTERMEDIATE FLOORBEAM CONNECTION. A. T. & S. F. Ry, 


four stringers is shown in Fig. 29. Details of a floorbeam for a riveted truss bridge are shown in 
Fig. 40. Details of an end floorbeam are shown in Fig. 40. Details of the standard end floorbeam 
of the A. T. & S. F. Ry. are shown in Fig. 30. The end floorbeam in Fig. 30 is supported directly 
on the end pin, and gives a very satisfactory solution of a difficult problem and requires the driving 
of a minimum number of field rivets. 

PEDESTALS AND SHOES.— Details of standard cast steel pedestals and shoes as designed 
by the Chicago, Milwaukee & St. Paul Ry. are shown in Fig. 31, Fig. 33, and Fig. 34. Details 
of segmental rollers are shown in Fig. 32, and Fig. 35. Details of expansion bearings for plate 
girders are shown in Fig. 36, and Fig. 37. Details of a built-up end shoe with circular rollers 
are shown in Fig. 40. Details of a built-up end shoe and segmental rollers are shown in Fig. 41. 

EXAMPLES OF PLATE GIRDERS.—Details of an 85-ft. span single track deck railway 
plate girder bridge as designed for the Kansas City, Mexico & Orient R. R., by Mr. Ira G. 
Hedrick, Consulting Engineer, are shown in Fig. 36. The upper flanges are made of four angles 
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without cover plates, so that the ties may be of uniform thickness and there will be no rivet heads 
to interfere with placing the ties. The lower flanges are made of angles with cover plates. These 
plans represent the most modern practice in the design of deck plate girder railway bridges. 
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Details of a 60-ft. span single track through railway plate girder bridge as designed for the 
Harriman Lines are shown in Fig. 37. The details of the bearings are shown. Rollers are used 
for the expansion ends of spans of 75 ft. and over. Data on standard plate girder bridges designed 
under Common Standard Specifications 1006 are given in Table I. 

EXAMPLES OF TRUSS BRIDGES.—The marking diagram for a truss railway bridge is 
shown in Fig. 38. The lower chord joints are marked Lo, Li, Ls, etc., while the upper chord 
joints are marked U;, U2, etc. In detailing a truss an inside view of the left end of the farther 

‘truss is shown; this is marked right as shown. Details of a single track through riveted truss 
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Cuicaco, MILWAUKEE & St. PAuL Ry. 
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bridge designed for the Kansas City, Mexico & Orient R. R., by Mr. Ira G. Hedrick, Consulting 
Engineer, are shown in Fig. 39 and Fig. 40. The end-posts and top chords are made of two 15 
inch channels with a cover plate, and the lower chords, the posts and the main ties are made of 
two channels with the flanges turned in. The total weight of the steel in the span was 303,c90 Ib. 


SID” a Ve ifay ale 1a 

i ida A AE > LL SQM Uh 

la 5M ft pat ' Moy y ‘ u : - 

Ue pet LOO. Lei Hoy | Tae ae et 

pe EO ee ee 
Sats 


- BN 
Dus ea ea 
St PROG 
‘oly Novae 
wy Peal (ben 


7 ‘ \ = 

iS A sc LC = 

Soh Kk = \¢ x \¢ z wd = \ 
O}EO} CHO} 


Na 
S aS 2a 
ine © 3 Q~WL-4 Cr—-3 GE 


Sy 5 ¢ 
ae eee aes 


& 


i Ls Fi v/a 
For End Rollers 
"52" bolt, driving Fit 
/"Flestic Lock Nu#- 


hs 
LE°%2" Washer. 
mS 


si 8 
SS ~~ 

Bnd 
For Intermediate Rollers 
lt'“L¢" Turned Pin, 
driving Fit, with 
ROLLER NEST shoulder 25 shownh+ 


Fic. 35. DETAILS OF SEGMENTAL ROLLERS FOR GIRDERS. 
Cuicaco, MILWAUKEE & St. PauL Ry. 


ae 


La 
roe 


— 


L 


heed 
“ash 


Vt, 
eaae 


seo) 


Details of a double track through riveted truss bridge designed for the Chicago & North- 
western Ry. are given in Fig. 41. The bridge has a span of 170 ft., the trusses are spaced 29 ft. 
I in. centers, and the bridge has a vertical clearance of 22 ft. 6 in. This bridge has trusses with 
triple intersection webs, and has a ballasted track carried on a steel plate trough floor. This 
bridge was designed for a dead load of 4,570 lb. per lineal foot for each truss and an E 50 live load. 
There is a top lateral system of multiple X-bracing made with pairs of angles latticed, and sway 
bracing of transverse top chord struts and portals. 

Detail shop drawings of the end-post of a pin-connected truss bridge are given in Fig. 42, and 
the detail shop drawings of the end section of the top chord of the same bridge are given in Fig. 43. 
The standard methods of detailing compression members are shown. 

Details of a single track pin-connected truss bridge designed by Mr. Ralph Modjeski for the 
Northern Pacific R. R. are given in Fig. 44, Fig. 45 and Fig. 46. 

SPECIFICATIONS FOR RAILWAY BRIDGES.—To determine the present practice in 
the design of railway bridges the author has made a study of the latest available specifications. 
As a basis for comparison the sixteen specifications given in Table XI, were selected as being 
representative of the best practice. Several other prominent railroads have adopted the speci- 
fications of the American Railway Engineering Association, so that the sixteen specifications cover 
the major part of the railroad mileage in North America. The standard specifications of the 
Chicago, Milwaukee and St. Paul Ry., the New York, New Haven and Hartford R. R., and 
the Canadian Society of Civil Engineers, all adopted in 1912, are based on the standard speci- 
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fications of the American Railway Engineering Association; the specifications ih each case differing 
from the specifications of the American Railway Engineering Association only in requirements 
for clearances, and in minor clauses, and clauses required to cover individual practice, and local 


conditions of the individual roads. 
TABLE XI. 


RAILWAY BRIDGE CLEARANCES 
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The present practice is to use the specifications of the American Railway Engineering Associ- 
ation as a basis for specifications and to add such additional clauses as may be necessary to cover 
the practice of the individual railroad. Several railroads have adopted the specifications of the 
American Railway Engineering Association and issue supplementary instructions to cover their 
individual practice; see standards of Chicago, Milwaukee & St. Paul Ry. which follow the 
A. R. E. A. specifications in this chapter. The specifications of the American Railway Engineering 
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Association are reprinted in the last part of this chapter. To show the present practice in the 
design of railway bridges as given in the sixteen different specifications the most important vari- 
ations from the American Railway Engineering Association Specifications will be briefly discussed. 
The sections in the specifications of the American Railway Engineering Association will be referred 
to by number. 


§2. Clearances.—The clearances for through single track bridges on tangent are given in 
Table XI. The clearances on curves differ considerably. Standard formulas for calculating 
bridge clearances on curves are as follows: 


Nomenclature, Fig. 47:— Formulas:— 
D = degree of curve A? A?.D 
R = radius of curve, in feet © SR (nearly) = 8 X 5730 
w = clearance width on tangent = 000021817 A2-D 
a = mid-ordinate to chord of length A b = .000021817 B2- D 
b = mid-ordinate to chord of length B ¢ = .000021817 L?-D 
¢ = mid-ordinate to chord of length L e 
é = amount of superelevation in feet which is s==Xh =0.2e-h (c. toc. rails 
taken up in floor of span 5 ete ly) 
h = height of car or distance from top of upper Pe ate 5) 
flange or chord, whichever is least C= hes Je Gi = Ih de g 
s= ies re required on account a 2 
of superelevation ao o 
G = outside clearance from center line of bridge a 2 ses 2 Soe 
HT = inside clearance from center line of bridge For Standard Car 
A = 80’-0’’ B = 60'-0”" 
@ = 0.1396D 
b = .07854D 
G= = + (.06109 + .000010909 L?)D 


= 2 + (.07854 + .ocoo10gog L?)D 


+ 0.2e-h 
The following specifications indicate the present practice of several railroads. : 
New York Central Lines.—Single-track through bridges on curves shall have the location of 
the trusses or girders and the width between clearance lines as shown in Figs. 48 and 49. 


CLEARANCE LINE ~ CLEARANCE LINE 


= 
CENTER LINE y OF TRAC, 


ab nr Fe SSS 2a —- Oy pe = =o 


W = lateral clearance from center line of track required by clearance diagram for tangent aline- 


ment. 
M = middle ordinate of curve for a chord equal to span length. : 
X = addition for overhang of a car 85 ft. long, with trucks 60 ft. c. to c.; to be taken as one inch 
for each degree of curve. ; 
Y = addition in inches (on the inside of the curve only) on account of the superelevation of the 
: outer rail, to be taken as follows: ; f - ; 
For heights from 15 ft. to 22 ft. above the top of rail; Y = 3 inches per inch of superelevation. 
For heights from 3 ft. 9 in. to 15 ft. above top of rail; Y = s-h/5 (to use with W = 7 ft. 
6 in.). 
For ee from top of rail to 3 ft. 9 in. above; Y = s(k + 1.5)/4. 
= superelevation in inches. 


s 
h = height above top of rail in feet. 


a 
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Cooper’s Specifications.—The additional clearance for curves is to be as follows: 0.85D 
= inches on each side; 1.70D = inches between track; where D = degree of ¢urve. 

N.Y., N. H. & H. R. R.—The additional clearances on curves will be as follows: 1.00 X D 
= inches on each side; 1.75D = inches between tracks, where D = degree of curve. 

Types of Bridges.—The present practice is to use plate girders for spans up to 110 or 120 ft., 
riveted trusses for spans of from i00 to 200 or 250 ft., and pin-connected trusses for spans of 
about 200 ft. and upwards. Riveted truss bridges of 300 and 400 ft. span are not uncommon. 


The types of bridges and minimum lengths of span as given in twelve specifications are given in 
Table XII. 


TABLE XII. 
TVPES OF BRIDGES AND LENGTHS OF SPAN- 


Rolled Riveted 
Specification Beams | Girders \ Trusses \ Trusses 


Fi Ft 
h 


LAT & SF ky-System, 1902\ 26 to34. | 26 10106 \106 to 150 \150 and up 
. j : 30 |30f0M0 \/0010150\ 20 nd op 
/9 /9 toH0 \100%0L00\ Z00 and yp 


9 19 fo !00 \ 100 to 150| 140 and up 
Z0 20 tolZ0\ 120 10 150\ 150 and up 
eG 
LO 
b 
0 
/8 


ZI to 100\ 100 to /50| 150 and y, 
20 10100 \100 to 250\ £50 and up 


LZ5 | LE toH0\ 010 160\ l60 and up 
ra Z5 toH!0\ HO to l80 \ 80 and up 

40 100\ 100 %0£50 | 250 and up 
3 


L5 to 80\ 80 to /50\/50 and up 
/8 t0100 \100 toZ00\ £00 to 600 


§3. Spacing of Trusses.—The present practice is not to put requirements for spacing of 
trusses, lengths of span, types of bridge, etc., in the specifications but to prepare office standards 
for the use of engineers and draftsmen. Data on spacing stringers, girders and trusses are given 
in Table XIII. The spacings for Illinois Central R. R. deck girders are given in Figs. 11, 12 and 
13, and of Common Standard Bridges in Table I. 

The Chicago, Milwaukee and St. Paul Ry. spaces girders 7 ft. 6 in. west of the Missouri 
River, and 8 ft. east of the Missouri River. The Northern Pacific R. R. spaces stringers 8 ft. 
for spans of 150 to 200 ft.; and deck girders 8 ft. for 80 ft. spans. 

§5. Ties.—The present practice is to calculate the size of stringers for the specified fiber 
stress. Fifteen specifications require that the wheel load be considered as carried by three ties, 
and one specification by four ties. Data on ties are given in Table XIV. 

The Illinois Central R. R. uses ties on deck girders as follows: 


Deck Spans. Distance Centers. Ties, 


Ree hain 
. X 10 in 


DG 1Oun 
Na 


60 ft. and under vats 


60 ft. to 80 ft. 8 ft. 
80 ft. to 100 ft. 9 ft. 
100 ft. to 110 ft. Op it. 


§6. Dead Loads.—Data on dead loads are given in Table XV. 


clita atieli 
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TABLE XIII. 
SPACING OF GIRDERS AND TRUSSES 


sees a Girders /russes 
Specification 
Deck Girders Through 


| American Ry £ng-Assoc 19/0 < oe Spanflo Spanf 20 


5-Baltimore & Ohio [WM 66" _| not less than 66" | not less than 100" Spf l0 


6 Chicags Rock lind é Pc eRIM6| Zig” | pte OOF, 7-0" | Span/20 


60/1080 F4, 80" 


; up to 60 Fr, 70" J00F¥- toHOF% 100" 
7 Common Standard, 1909, 7-0" | OF 60F, 6.0" 0 Ft-t0 B0Fk 120 
80 Ft t0/00 Ft, V00"\/30F-t0 50/7/40" 

66" | not less than 66" 


100 Ft-tollOF, 100" 
M0 Ft tol OPE MEV 
L0P4 to IOP, ED" 


up to 80 Ft, 7-0" 
over 80 Ft-, 8/0" 
ip fo 15 Ph, G6" 
5 Ft 1 100 Ft,70 
WOPt MEL, F6 1060 
up to T5 Ft, 6-6" 
over TS Fr, 7-6" 


10-0" or 4 Span \Spanfl0 


§7. Live Loads.—Data for live loads are given in Table XVI. The type of engine is given 
in the second column and the weight in thousands of pounds of a single engine without tender 
is given in the third column; the special loadings and the spacing of the loads are given in the 
fourth and fifth columns; the impact formulas are given in the sixth column; the allowable tensile 
stresses are given in the seventh column, and the equivalent loading is given in the last column. 
The equivalent loading is found by multiplying the loading in the second column by 16,000 and 
dividing by the allowable tensile strength. The present standard loading on trunk lines is Cooper’s 
E 60 loading. 

The C. M. & St. P. Ry. uses E 60 followed by a train load of 7,000 Ib. per lineal foot of track 
on ore roads; while the Duluth & Iron Range R. R. uses E 60 followed by a train load of 8,000 lb. 
per lineal foot of track. ; 

In a paper entitled ‘‘ Rolling Loads on Bridges” published in Bulletin No. 161, Am. Ry. 
Eng. Assoc., November 1913, Mr. J. E. Greiner, Consulting Engineer, has tabulated the live 
loads of 39 railroads, including all but one of the roads in Table XVI. Of the 39 roads thirteen 
are building bridges equal to E 60; four equal to E 57; seven equal to E 55; one equal to E 53; 
ten equal to E 50; two equal to E 47; one equal to E 45, and one equal to E 65. 

Of the 39 roads considered 26 roads use the impact formula of the Am. Ry. Eng. Assoc.; 
and 24 roads use a tensile stress of 16,000 Ib. per sq. in. The highest tensile stress is 18,000 lb. 


bb, 
lor A stringers). 


Single Track, 8-0" 
Double Track, 66" 


s 
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TABLE XIV. 


DATA ON TIES ON BRIDGES, 


Minimum Size and Spacing of Ties. Data for Design. 


Specifications. Fiber Stress, Lb | Im 
2 ae a pact, 
Length. |Maximum Spacing persas he Pariceat 


10 ft. 6 in. 2,000 bole) 
12 in. centers 1,400 none 
6 in. 1,000 none 

6 in. 2,000 100 
2,000 100 


. Common Staadard:.. 8 in. X 10 in. 
ge COOPER Eta aemamre Gil NG 


ns Boas SoS 
. Illinois Central R. R. 


SE eas ge gt Se 


1,000 


Four lines of : 1,500 

stringers) 

pk GouMinrce- On Re Roi 38 in. xX Iolin- ; 13 in. centers 2,000 

on edge 

a ieee Lyre ee ehsteic lishala ss ened She wreietltona, ia Kee deca tend 6 in. 

Neveu entnaleluinesiileracuvaun cele clint 

2 ING ING Tele Ce Tale 
R 6 in. 


burgh ets caste shal aha cS 
MN ateala. ote ViextcOss an: |; c'scitatias ote nile wbae sks 
, Cana socnG E 


TABLE XV. 
DATA ON Deap Loaps. 


Weight in Lb. 


Specifications. - : 
Rails and Total Weight of 
Ballast. Concrete: Fastenings. Floor, Lb 


Timber Ballasted 
Deck 1,400 


y ENISES ES 
bolt bol! bolt Ni- 


> 
tbo|—t = 


a COOpen nck: texiisenes 
. Illinois Central R. R.... 
Pe meV CGO eRe eats -o| 
. Lehigh Valley R.R..... 
a Ney Central Re Ros. : 
SodNig. VE allel le teg din a IStaaT 
. Penna. W. of Pittsburgh 
. Nat. L. of Mexico 

. Dept. of R. R. of Canada 


Creosoted iB 


1 
2 
i 
2 
iL 
2 


per sq. in. and the lowest is 15,000 Ib. per sq. in. Of the 39 roads considered all except one use a 
concentrated system of engine loadings; one road, the Pennsylvania Lines West of Pittsburgh, 
uses a uniform load of 5,500 lb. per lineal foot of track and an excess load of 66,000 lb. on one 
axle; no road is using an equivalent uniform load. For data on the heaviest locomotives in service 
and the relative stresses due to these locomotives compared with E 50 loading see Table II. 

Mr. Greiner’s conclusion is that E 50 bridges will safely carry all loads that can be carried 
without increasing the present vertical and horizontal clearances. 
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TABLE XVI. 
Live Loaps For RAILWAY BRIDGES. 


Special Loads. 


Weight Equivalent 
Spacing Tensile Unit Stress | Loading in 
of Two in Lb. Terms of 
Tensile 
Stress. 


Specification. Impact. 


291.0 
225.0 
270.0 
247-5 
270.0 


247.5 


DAT Male aan ee Launhardt | 8,500 ( 


LL 
247.5 


202.5 


270.0 |75,000 
270.0 |72,000 


270.0 |65,000 
min. 
max. 


eitesburginer | EGxCess? |. s:. ars [esse an Launhardt | 7,000 ( + 
15. Nat. L. of Mex..| E60 | 270.0 |75,000 Cooper Messe 


1. C. M. & St. P. Ry. uses E 55 east of the Missouri River and E 60 west. 
2. A uniform train load of 7,000 lb. per lin. ft. on ore roads. 

3. A uniform train load of 5,000 lb. per lin. ft. 

4. A uniform train load of 6,000 Ib. per lin. ft. 

5. Train load of 5,500 lb. per lin. ft. and excess load of 66,000 lb. 


§9. Impact.—Ten of the sixteen specifications use the impact coefficient as given in section 9, 
I = 300/(L + 300). Three specifications follow Cooper’s method of using dead load unit stresses 
equal to twice the live load unit stresses, with different stresses for different members. Two 


min. stress 


specifications use Launhardt’s formula, P = S (: ae min. stress where P = allowable unit 


stress, and S = allowable unit stress for live load alone. One specification uses the impact 
: Live Load Stress 
Live Load Stress + Dead Load Stress 

In the paper referred to in section 7, Mr. Greiner found that 26 roads used the A. R. E. A. 
formula for impact. 

§10 & 11. Wind Loads.—The wind loads given in the different specifications are variable 
and space will not permit going into detail. Most of the specifications require that the moving 
wind load on the loaded chord be considered as applied at 6 or 7 ft. above the top of the rail. 

§13. Centrifugal Force.—Five of the sixteen specifications have the same requirement as in 
section 13. The centrifugal force of a body moving in a circular path is C = W-V?/32-2k, 
where W = weight of live load per lineal foot; V = velocity of train in feet per second, and 
R = radius of curve in feet. For a speed of 60—23D, C = 0.039W for a 1 degree curve; C = 
0.071 W for a 2 degree curve; C = 0.117W for a 4 degree curve, and C = 0.143W for a 10 degree 
curve. Five specifications require that the centrifugal force be applied at 5 to 74 feet above the 
rail. Two specifications take the centrifugal force as C = 0.03W-D, where W = equivalent 
weight of live load per lineal foot, and D = degree of curve; one takes C = 0.02W-D, and two 
take C = 0.045W-D. The K. C. M. & O. R. R. takes C = W-V?/32-2R, where W = equiva- 
lent weight of live load per lineal foot, V = velocity of train in feet per second (calculated for 50 
miles per hour), and R = radius of curve in feet. This gives C = 0.029W-D. 


formula, I 
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§14. Unit Stresses.—For a comparison of the tensile unit stresses see Table XVI. | d 

§22. Alternate Stresses.—Four of the sixteen specifications use the~same specification as in 
section 22. Six specifications use Cooper’s specification. ‘All members and their connections 
shall be designed to resist each kind of stress. Both of the stresses shall, however, be considered 
as increased by 0.8 of the least of the two stresses.” One specification increases each stress by 
0.60 of the lesser stress, one by 0.70, and two by 0.75. One specification uses Weyrauch’s formula, 
Pp=s min. stress 

ae ( s 2 max. stress 
= allowable unit stress for live loads alone. bs : 

§26. Net Sections.—Section 26 is standard. In addition the method of calculating the 
net area of a riveted tension member is given in several specifications. - 

Cooper requires that ‘‘The rupture of a riveted tension member is to be considered as equally 
probable, either through a transverse line of rivet holes or through a zigzag line of rivet holes, where 
the net section does not exceed by 30 per cent the net section along a transverse line.”’ 

The Baltimore & Ohio R. R. requires that “The greatest number of rivet holes that can be 
cut by a transverse plane, or come within one inch of the plane is to be deducted in calculating 
the net section.” ; : 

The New York Central Lines require that ‘‘The net section of riveted members shall be the 
least area which can be obtained by deducting from the gross sectional area the areas of holes cut 
by any plane perpendicular to the axis of the member and parts of the areas of other holes on one 
side of the plane, within a distance of 4 inches, and which are on other gage lines than those of the 
holes cut by the plane, the parts being determined by the formula: A(1 — p/4), in which A = the 
area of the hole, and p = the distance in inches of the center of the hole from the plane.” 

The Canadian Society of Civil Engineers requires ‘‘ There shall be deducted from each member 
as many rivets as there are gage lines, unless the distance center to center of rivets measured in 
the diagonal direction is 40 per cent greater than their distance center to center of gage lines.” 

§29. Plate Girders.—Seven of the sixteen specifications require that plate girders be pro- 
portioned either by the moment of inertia of their net section; or by assuming that the flanges 
are concentrated at their centers of gravity; in which case one-eighth of the gross section of the 
web, if properly spliced, may be used as flange section. Six specifications require that the bending 
moment all be taken by the flanges. Two specifications require that the bending moment be 
taken by the flanges and that one-eighth of the gross section of the web be taken as flange area. 
One specification requires that plate girders with stiffeners be designed on the assumption that 
the flanges take all the bending moment, and that for plate girders without stiffeners one-eighth of 
the web may be considered as flange area. 

§30. Compression Flanges.—Two specifications require that the flange angles shall contain 
at least one-half of the area of the flange. The specifications uniformly require that the com- 
pression flange shall have the same gross area as the tension flange. 

§36. Counters.—Eight specifications require that counters be stiff members. Eight speci- 
fications permit adjustable counters and laterals. 

§45. Minimum Angles.—Five specifications give 33’’ X 3’’ X 3’’ as the minimum angle. 
Two specifications give 3’’ X 23’ X 3’ as the minimum angle. One specification requires that 
the vertical leg be not less than 33’’.. One specification requires that connection angles for stringers 
and floorbeams be not less than 4’’ X 4’’ X 3’’; one specification 33’’ X 34’ X 4’’, and one 
specification 6’ & 4’ X 3”. 

§59. Expansion.—Six specifications require that provision be made for an expansion of # in. 
for each 10 ft. of span. Five specifications require that provision be made for a range in tempera- 
ture of 150 degrees F.; one for 180 degrees F. Three specifications require that provision be 
made for an expansion of I in. in 100 ft.; one for an expansion of 1 in. in 70 ft. 

§62. Rollers.—Six specifications require that rollers be at least 6 in. in diameter. Five 
specifications permit rollers 4 in. in diameter. One specification permits rollers 3 in. in diameter. 
Cooper requires that rollers for spans up to Io0 ft. be 44 in., and that the diameter be increased 
I in. for each Io ft. increase in span over 100 ft. The New York Central R. R. requires that rollers 
shall not have a less diameter in inches than 3 + 0.03 (span in feet). 

§68. Stringer Connection Angles.—One specification requires that connection angles of 
stringers and floorbeams be not less than 4’’ X 4’’ X 3/"; one specification 33’’ X 33/’ X 1”, 
and one specification 6’ X 4/’ x 8/", 


§77. Camber of Plate Girders.—Four specifications require that plate girders more than 
50 ft. long be cambered ¥ in. per 10 ft. of length. Two specifications require full camber. Two 
specifications require a camber of zs55 the span. Two specifications require a camber of tov the 
span. One specification requires a camber of } in. per 10 ft. of length, one specification requires 


a camber of 7g in. per 15 ft. of length. Four specifications do not require that plate girders be 
cambered. 


), where P = allowable unit stress for alternate stresses, and S 
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§79. Web Stiffeners.—Seven specifications have the same specification as given in section 79- 
Two specifications require that stiffeners be spaced not to exceed depth of girder. The Baltimore 
& Ohio R. R. requires that stiffeners be spaced not to exceed depth of girder or 6 ft., and that for 
webs up to 6 ft. 6 in., stiffeners shall be 32’ X 33’’ X 3’’ angles; for webs from 7 ft. to 7 ft. 6 in. 
stiffeners shall be 5’’ X 32’’ X 3’ angles; for webs 8 ft. and over, stiffeners shall be 6” X 4’’ X av 
angles. The New York Central Lines require that stiffeners be spaced not to exceed depth of 
“Sen or 5 ft. 6 in.; near ends of girders the spacing shall not exceed one-half the depth of girder 
or 3 ft. 6 in. 

The New York Central Lines require that stiffeners shall have an outstanding leg not less 
than 2 inches plus sy the depth of the girder. 

The Chicago, Milwaukee & St. Paul Ry. requires that stiffeners bearing against 6’’ X 6’ 
flange angles shall be 5’’ X 33’’ X 3’’; and against 8’’ X 8’’ flange angles shall be 6’’ X 33/7 X 2’, 

§81. Camber of Trusses.—Six specifications require full camber as stated in section 81. Six 
specifications require that the upper chords besincreased § in. for each 10 ft. One specification 
requires that the upper chord be increased § in. for each 15 ft. Two specifications require that 
trusses be cambered ys'y5 the span. One specification requires that trusses be cambered z¢55 the 
span. 

§82. Rigid Members.—All specifications require that hip verticals and the two end panels 
of bottom chords (two at each end) be stiff members. The Common Standard specifications 
(Harriman Lines) require that the bottom chords of bridges of less than 150 ft. span be stiff 
members. The Illinois Central R. R. requires that bridges with 6 panels or less shall have stiff 
lower chords.. The New York Central Lines limit the specification for rigid members to spans 
less than 300 ft. ' . 

§83. Eye-bars.—Nine specifications permit bars to be out of line 1 in. in 16 ft. as in section 83. 
One specification permits bars to be out of line I in. in 8 ft. 

Miscellaneous.—The following specifications are of interest. 

Initial Stress.—Four of the sixteen specifications require that diagonals and struts be designed 
for an initial stress of 10,000 lb. in each, diagonal. 

Collision Strut.—Two of the sixteen specifications require collision struts. 

Fastening Angles.—Two specifications require that angles must be fastened by both legs. 
Three specifications require that angles be fastened by both legs or only one leg will be considered 
effective. One specification requires that 75 per cent of the net area be considered effective where 
angles are fastened by one leg, and 90 per cent of the net area be considered effective where angles 
are fastened by both legs. 

Calculating Dead Load Stresses.—One specification requires that all:the dead load be con- 
sidered as coming on the loaded chord. Two specifications require that three-fourths of the dead 
load be considered as coming on the loaded chord and one-fourth on the unloaded chord. Two 
specifications require that two-thirds of the dead load be considered as coming on the loaded chord 
and one-third on the unloaded chord. Two specifications require that the floor load shall be 
assumed as taken by the loaded chord, and the remainder of the dead load to be divided equally 

‘between the chords. The other specifications do not state where the dead load shall be applied. 

Minimum Bar.—Three specifications require that the minimum bar shall have not less than 
3 sq. in. cross section. One specification permits a minimum bar 1} in. square. One specification 
requires that an increase of 80 per cent in the live load shall not increase the stress in the counters 
more than 80 per cent. One specification has a similar clause with 70 per cent variation. 

Paint.—The shop coat of paint as required by several specifications is as follows: 

The New York Central Lines use red lead paint mixed by the following formula:—1oo Ib. 
pure red lead; 4 gallons pure open-kettle-boiled linseed oil; and not to exceed one-half pint of 
turpentine-japan drier. 

The Boston & Maine R. R. and the New York, New Haven & Hartford R. R. use red lead 
paint made by mixing 32 lb. of red lead to one gallon of linseed oil. 

The A. T. & S. F. Ry. gives steel work a shop coat of linseed oil; while the C. R. I. & P. 
R. R. uses linseed oil with 10 per cent of lamp black. 

The Illinois Central R. R. uses red lead paint for a shop coat. 

The Pennsylvania Lines West of Pittsburgh use a shop coat of pure linseed oil. 

The Common Standard specifications require a shop coat of red lead. 


GENERAL SPECIFICATIONS FOR STEEL RAILWAY BRIDGES.* 


American Railway Engineering Association. 
Fourth Edition. 


STANDARD SPECIFICATIONS, 


PART FIRST;DESIGN. 


I. GENERAL. 


1. Materials—The material in the superstructure shall be structural steel, except rivets, 
and as may be otherwise specified. : 

2. Clearances.—When alinement is on tangent, clearances shall not be less than shown on 
the diagram; the height of rail shall, in all cases, be assumed as6in. The width shall be increased 
so as to provide the same minimum clearances on curves for a car 80 ft. long, 14 ft. high, and 60 ft. 
center to center of trucks, allowance being made for curvature and superelevation of rails. 

3. Spacing Trusses.—The width center to center of girders and trusses 
shall in no case be less than one-twentieth of the effective span, nor less than 
is necessary to prevent overturning under the assumed lateral loading. 

4. Skew Bridges.—Ends of deck plate girders and. track stringers of 
skew bridges at abutments shall be square to the track, unless a ballasted 
floor is used. 

5. Floors.—Wooden tie floors shall be secured to the stringers and shall 
be proportioned to carry the maximum wheel load, with 100 per cent impact, 
distributed over three ties, with fiber stress not to exceed 2,000 lb. per sq. in. 
Ties shall not be less than 1o ft. in length. They shall be spaced with not 
more than 6-in. openings; and shall be secured against bunching. 


Ws LOADS: 
6. Dead Load.—The dead load shall consist of the estimated weight of 
the entire suspended structure. Timber shall be assumed to weigh 43 lb. per - Top Oren 
ft. B. M.; ballast 100 lb. per cu. ft., reinforced concrete 150 lb. per cu. ft., e Clana 


and rails and fastenings, 150 lb. per linear ft. of track. 

+7. Live Load.—The live load, for each track, shall consist of two typical engines followed 
by a uniform load, according to Cooper’s series, or a system of loading giving practically equivalent 
strains. The minimum loading to be Cooper’s E-40, and the special loading, the diagram as 
shown in the following diagrams, that which gives the larger strains to be used. 

+8. Heavier Loading.—Heavier loadings shall be proportional to the above diagrams on the 
same spacing. 

9. Impact.—The dynamic increment of the live load shall be added to the maximum computed 

300 

L + 300’ 
where J = impact or dynamic increment to be added to live-load strains. 

S = computed maximum live-load strain. 

ZL = loaded length of track in feet producing the maximum strain in the member. For 
bridges carrying more than one track, the aggregate length of all tracks producing 
the strain shall be used. 

Impact shall not be added to strains produced by longitudinal, centrifugal and lateral or 
wind forces. : 

10. Lateral Forces.—All spans shall be designed for a lateral force on the loaded: chord of 
200 Ib. per linear foot plus 10 per cent of the specified train load on one track, and 200 lb. per 
linear foot on the unloaded chord; these forces being considered as moving. 


live load strains and shall be determined by the formula J = S 


* Adopted by the American Railway Engineering Association. 
t See Addendum, clause (a). 
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11. Wind Force.—Viaduct towers shall be designed for a force of 50 lb. per sq. ft. on one 
and one-half times the vertical projection of the structure unloaded; or 30 Ib. per sq. ft. on the 
same surface plus 400 Ib. per linear ft. of structure applied 7 ft. above the rail for assumed wind 
force on train when the structure is either fully loaded or loaded on either track with empty cars 
assumed to weigh 1,200 lb. per linear ft., whichever gives the larger strain. 


Qa s sag SAS} 
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SP ectal Loading 


12. Longitudinal Force.—Viaduct towers and similar structures shall be designed for a 
longitudinal force of 20 per cent of the live load applied at the top of the rail. 

13. Structures located on curves shall be designed for the centrifugal force of the live load 
applied at the top of the high rail. The centrifugal force shall be considered as live load and be 
tes from the speed in miles per hour given by the expression 60 — 24D, where ‘‘D”’ = degree 
of curve. 


Ill. UNIT STRESSES AND PROPORTION OF PARTS. 


14. Unit Stresses.—All parts of structures shall be so proportioned that the ‘sum of the maxi- 
mum stresses produced by the foregoing loads shall not exceed the following amounts in pounds 
per sq. in., except as modified in paragraphs 22 to 25: 


iS eeLension.——Axiall tension On net section. |... c.....000.senevesee ees cie et 16,000 
16. Compression.—Axial compression on gross section of columns........... 16,000 — 70 a! 
r. 
Eras eee REL SCHEIN UTNE ON MEM emer ttsyate ts) < cysis, esos schoie < sce 4 « ste ate artie favs aura see ono eloes Oe 14,000 


where “‘/”’ is the length of the member in inches, and ‘‘r’’ is-the least radius of 
gyration in inches. 


HP ncemeoimMresstOmiOn steel CAStINGS. 6. ev. cae eet ences cpus bea sue ue pep emeys 16,000 
17. Bending.—Bending: on extreme fibers of rolled shapes, built sections, 
DImderseancsteeuGastings; Net SECHON. «5 2. ace ve sie sews + tose gitgeis efile pusinelele arate a 16,000 
Cid TARE iT GSIAY OLE ONS pes, Soe ceeaee en EC ee ee 24,000 
18. Shearing.—Shearing: shop driven rivets and pins....... SMa ait tne Bs 6 12,000 
Mend AVENELLVCLOIANGACUIITIEC DOlUS ss, 6.4 s0cu-. < ic se ov os vr soc eo v ove ce wmnolesiaaesiees 10,000 
PU THe RO TRG CIVIC Sse OLOSSISCCEION ar. ofereys ow ereues oh vee. oo dies ¢ «ie vials oie eye dase abe sasleleleance 10,000 
19. Beating._—Bearing: shop driven rivets and pins..........6.-s-sese00+> 24,000 
eS MZeMBERVEUSTATICMLLETICC DOLES. oc <a cc.s tc + cus sie s stecis ope oo eresie.e we hiere.eusin sneuess 20,000 
ean A OMEEONELS Mm DeIIMGAT WC neces. deve, 4 as ets oa se 2,4 «9, ean ofomtcoveleyoud suet 600d 
where ‘‘d’”’ is the diameter of the roller in inches. 
ONG, TA OMIAY . 5 16 S603 lo SCS a SS eI IEC ene Or eins 600 


20. Limiting Length of Members.—The lengths of main compression members shall not 
exceed 100 times their least radius of gyration, and those for wind and sway bracing 120 times 
their least radius of gyration. 

21. The lengths of riveted tension members in horizontal or inclined positions shall not 
exceed 200 times their radius of gyration about the horizontal axis. The horizontal projection 
of the unsupported portion of the member is to be considered as the effective length. 

22. Alternate Stresses.—Members subject to alternate stresses of tension and compression 
shall be proportioned for the stresses giving the largest section. If the alternate stresses occur 
in succession during the passage of one train, as in stiff counters, each stress shall be increased by 
50 per cent of the smaller. The connections shall in all cases be proportioned for the sum of the 
stresses. 

23. Wherever the live and dead load stresses are of opposite character, only two-thirds of the 
dead load stresses shall be considered as effective in counteracting the live load stress. 

24. Combined Stresses.—Members subject to both axial and bending stresses shall be pro- 
portioned so that the combined fiber stresses will not exceed the allowed axial stress. 

25. For stresses produced by longitudinal and lateral or wind forces combined with those 
from live and dead loads and centrifugal force, the unit stress may be increased 25 per cent over 


15 


s 
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those given above; but the section shall not be less than required for live and dead loads and 
centrifugal force. ; iv ; 

26. Net Section at Rivets.—In proportioning tension members the diameter of the rivet holes 
shall be taken }-in. larger than the nominal diameter of the rivet. . 

27. Rivets.—In proportioning rivets the nominal diameter of the rivet shall be used. 

28. Net Section at Pins.—Pin-connected riveted tension members shall have a net section 
through the pin-hole at least 25 per cent in excess of the net section of the body of the member, 
and the net section back of the pin-hole, parallel with the axis of the member, shall be not less than 
the net section of the body of the member. ; ; . . 

29. Plate Girders.—Plate girders shall be proportioned either by the moment of inertia of 
their net section; or by assuming that the flanges are concentrated at their centers of gravity; 
in which case one-eighth of the gross section of the web, if properly spliced, may be used as flange 
section. The thickness of web plates shall be not less than zég of the unsupported distance 
between flange angles (see 38). 

30. Compression Flange.—The gross section of the compression flanges of plate girders shall 


not be less than the gross section of the tension flanges; nor shall the stress per sq. in. in the 


: ; 1 : 
compression flange of any beam or girder exceed 16,000 — 200 ra when flange consists of angles 


; 2 Lae : ; 
only or if cover consists of flat plates, or 16,000 — 150 B? if cover consists of a channel section, 


where / = unsupported distance and b = width of flange. 

31. Flange Rivets.—The flanges of plate girders shall be connected to the web with a sufficient 
number of rivets to transfer the total shear at any point in a distance equal to the effective depth 
of the girder at that point combined with any load that is applied directly on the flange. The 
wheel loads, where the ties rest on the flanges, shall be assumed to be distributed over three 
ties. 


32. Depth Ratios.—Trusses shall preferably have a depth of not less than one-tenth of the 
span. Plate girders and rolled beams, used as girders, shall preferably have a depth of not less 
than one-twelfth of the span. If shallower trusses, girders or beams are used, the section shall 
be increased so that the maximum deflection will not be greater than if the above limiting ratios 
had not been exceeded. 


IV. DETAILS OF DESIGN. 


GENERAL REQUIREMENTS. 


s 


33. Open Sections.—Structures shall be so designed that all parts will be accessible for 
inspection, cleaning and painting. 

34. Pockets.—Pockets or depressions which would hold water shall have drain holes, or be 
filled with waterproof material. 

35. Symmetrical Sections.—Main members shall be so designed that the neutral axis will be 
as nearly as practicable in the center of section, and the neutral axes of intersecting main members 
of trusses shall meet at a common point. 

36. Counters.—Rigid counters are preferred; and where subject to reversal of stress shall 
Pee have riveted connections to the chords. Adjustable counters shall have open turn- 

uckles. 

37. Strength of Connections.—The strength of connections shall be sufficient to develop the 
full strength of the member, even though the computed stress is less, the kind of stress to which 
the member is subjected being considered. 
es 38. Minimum Thickness.—The minimum thickness of metal shall be ?-in., except for 

ers. 

39. Pitch of Rivets.—The minimum distance between centers of rivet holes shall be three 
diameters of the rivet; but the distance shall preferably be not less than 3 in. for 4-in. rivets and ~ 
2} in. for g-in. rivets. The maximum pitch in the line of stress for members composed of plates 
and shapes shall be 6 in. for {-in. rivets and 5 in. for ?-in. rivets. For angles with two gage lines 
and rivets staggered the maximum shall be twice the above in each line. Where two or more 
plates are used in contact, rivets not more than 12 in. apart in either direction shall be used to 
hold the plates well together. In tension members, composed of two angles in contact, a pitch 
of 12 in. will be allowed for riveting the angles together. 

40. Edge Distance.—The minimum distance from the center of any rivet hole to a sheared © 
edge shall be 13 in. for {-in. rivets and 14 in. for 3-in. rivets, and to a rolled edge 14 in. and 12 in., 
respectively. The maximum distance from any edge shall be eight times the thickness of the 
plate, but shall not exceed 6 in, 
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41. Maximum Diameter.—The diameter of the rivets in any angle carrying calculated stress 
shall not exceed one-quarter the width of the leg in which they are driven. In minor parts #-in. 
rivets may be used in 3-in. angles, and {-in. rivets in 23-in. angles. 

42. Long Rivets.—Rivets carrying calculated stress and whose grip exceeds four diameters 
shall be increased in number at least one per cent for each additional 75-in. of grip. 

43. Pitch at Ends.—The pitch of rivets at the ends of built compression members shall not 
exceed four diameters of the rivets, for a length equal to one and one-half times the maximum 
width of member. 

44. Compression Members.—In compression members the metal shall be concentrated as 
much as possible in webs and flanges. The thickness of each web shall be not less than one- 
thirtieth of the distance between its connections to the flanges. Cover plates shall have a thickness 
not less than one-fortieth of the distance between rivet lines. 

45. Minimum Angles.—Flanges of girders and -built members without cover plates shall have 
a minimum thickness of one-twelfth of the width of the outstanding leg. 

46. Tie-Plates.—The open sides of compression members shall be provided with lattice and 
shall have tie-plates as near each end as practicable. Tie-plates shall be provided at intermediate 
points where the lattice is interrupted. In main members the end tie-plates shall have a length 
not less than the distance between the lines of rivets connecting them to the flanges, and inter- 
mediate ones not less than one-half this distance. Their thickness shall not be less than one- 
fiftieth of the same distance. 

47. Lattice-—The latticing of compression members shall be proportioned to resist the 
shearing stresses corresponding to the allowance for flexure for uniform load provided in the 


column formula in paragraph 16 by the term 70 : . The minimum width of lattice bars shall be 


23 in. for 4-in. rivets, 24 in. for 3-in. rivets, and 2 in. if $-in. rivets are used. The thickness shall 
not be less than one-fortieth of the distance between end rivets for single lattice, and one-sixtieth 
for double lattice. Shapes of equivalent strength may be used. 

48. Three-fourths-inch rivets shall be used for latticing flanges less than 23 in. wide, and 
#-in. for flanges from 2% to 33 in.. wide; 4-in. rivets shall be used in flanges 3} in. and over, and 
lattice bars with at least two rivets shall be used for flanges over 5 in. wide. 

49. The inclination of lattice bars with the axis of the member shall be not less than 45 degrees, 
and when the distance between rivet lines in the flanges is more than 15 in., if single rivet bar is 
used, the lattice shall be double and riveted at the intersection. 

50. Lattice bars shall be so spaced that the portion of the flange included between their 
connections shall be as strong as the member as a whole. 

51. Faced Joints.—Abutting joints in compression members when faced for bearing shall be 
spliced on four sides sufficiently to hold the connecting members accurately in place. All other 
joints in riveted work, whether in tension or compression, shall be fully spliced. 

52. Pin Plates.—Pin-holes shail be reinforced by plates where necessary, and at least one 
plate shall be as wide as the flanges will allow and be on the same side as the angles. They shall 
contain sufficient rivets to distribute their portion of the pin pressure to the full cross-section of 
the member. 

53. Forked Ends.—Forked ends on compression members will be permitted only where 
unavoidable; where used, a sufficient number of pin plates shall be provided to make the jaws of 
twice the sectional area of the member. At least one of these plates shall extend to the far edge 
of the farthest tie-plate, and the balance to the far edge of the nearest tie-plate, but not less than 
6 in. beyond the near edge of the farthest plate. 

54. Pins.—Pins shall be long enough to insure a full bearing of all the parts connected 
upon the turned body of the pin. They shall be secured by chambered nuts or be provided with 
washers if solid nuts are used. The screw ends shall be long enough to admit of burring the 
threads. 

55. Members packed on pins shall be held against lateral movement. 

56. Bolts.—Where members are connected by bolts, the turned body of these bolts shall be 
long enough to extend through the metal. A washer at least {-in. thick shall be used under the 
nut. Bolts shall not be used in place of rivets except by special permission. Heads and nuts 
shall be hexagonal. ed to : 

57. Indirect Splices.—Where splice plates are not in direct contact with the parts which 
they connect, rivets shall be used on each side of the joint in excess of the number theoretically 
required to the extent of one-third of the number for each intervening plate. 

58. Fillers.—Rivets carrying stress and passing through fillers shall be increased 50 per cent 
in number; and the excess rivets, when possible, shall be outside of the connected member. 

59. Expansion.—Provision for expansion to the extent of §-in. for each ro ft. shall be made 
for all bridge structures. Efficient means shall be provided to prevent excesstve motion at any 


one point. 
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60. Expansion Bearings.—Spans of 80 ft. and over resting on masonry shall have turned 
rollers or rockers at one end; and those of less length shall be arranged to slide on smooth surfaces. 
These expansion bearings shall be designed to permit motion in one direction only. 

61. Fixed Bearings.—Fixed bearings shall be firmly anchored to the masonry. 

62. Rollers.—Expansion rollers shall be not less than 6 in. in diameter. They shall be 
coupled together with substantial side bars, which shall be so arranged that the rollers can be 
readily cleaned. Segmental rollers shall be geared to the upper and lower plates. 

63. Bolsters.—Bolsters or shoes shall be so constructed that the load will be distributed over 
the entire bearing. Spans of 80 ft. or over shall have hinged bolsters at each end. : 

64. Wall Plates.—Wall plates may be cast or built up; and shall be so designed as to distribute 
the load uniformly over the entire bearing. They shall be secured against displacement. 

65. Anchorage.—Anchor bolts for viaduct towers and similar structures shall be long enough 
to engage a mass of masonry the weight of which is at least one and one-half times the uplift. 

66. Inclined Bearings.—Bridges on an inclined grade without pin shoes shall have the sole 
plates beveled so that the masonry and expansion surfaces may be level. 


FLOOR SYSTEMS. 


67. Floorbeams.—Floorbeams shall preferably be square to the trusses or girders. They 
shall be riveted directly to the girders or trusses or may be placed on top of deck bridges. 

68. Stringers.—Stringers shall preferably be riveted to the webs of all intermediate floorbeams 
by means of connection angles not less than 3-in. in thickness. Shelf angles or other supports 
provided to support the stringer during erection shall not be considered as carrying any of the 
reaction. 

69. Stringer Frames.—Where end floorbeams cannot be used, stringers resting on masonry 
shall have cross frames near their ends. These frames shall be riveted to girders or truss shoes 
where practicable. 

BRACING. 


70. Rigid Bracing.—Lateral, longitudinal and transverse bracing in all structures shall be 
composed of rigid members. 

71. Portals.—Through truss spans shall have riveted portal braces rigidly connected to the 
end posts and top chords. They shall be as deep as the clearance will allow. 

72. Transverse Bracing.—Intermediate transverse frames shall be used at each panel of 
through spans having vertical truss members where the clearance will permit. 

73. End Bracing.—Deck spans shall have transverse bracing at each end proportioned to 
carry the lateral load to the support. 

74. Laterals.—The minimum sized angle to be used in lateral bracing shall be 34 by 3 by 3-in. 
Not less than three rivets through the end of the angles shall-be used at the connection. 

75. Lateral bracing shall be far enough below the flange ‘to clear the ties. 

76. Tower Struts.—The struts at the foot of viaduct towers shall be strong enough to slide 
the movable shoes when the track is unloaded. 


PLATE GIRDERS. 


77. Camber.—If desired, plate girder spans over 50 ft. in length shall be built with camber at 
a rate of js-in. per 10 ft. of length. 

78. Top Flange Cover.—Where flange plates are used, one cover plate of top flange shall 
extend the whole length of the girder. » 

79. Web Stiffeners.—There shall be web stiffeners, generally in pairs, over bearings, at points 
of concentrated loading, and at other points where the thickness of the web is less than ¢y of the 
unsupported distance between flange angles. The distance between stiffeners shall not exceed 
that given by the following formula, with a maximum limit of six feet (and not greater than the 
clear depth of the web): 


t 
— Foe —s), 


Where d = clear distance, between stiffeners of flange angles. 
t = thickness of web. 
shear per sq. in. 


Ss 


The stiffeners at ends and at points of concentrated loads shall be proportioned by the formula 
of paragraph 16, the effective length being assumed as one-half the depth of girders. End stiffeners 
and those under concentrated loads shall be on fillers and have their outstanding legs as wide as 
the flange angles will allow and shall fit tightly against them. Intermediate stiffeners may be 
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offset or on fillers, and their outstanding legs shall be not less than one-thirtieth of the depth of 
girder plus 2 in. 

80. Stays for Top Flanges.—Through plate girders shall have their top flanges stayed at 
each end of every floorbeam, or in case of solid floors, at distances not exceeding 12 ft., by knee 
braces or gusset plates. 


TRUSSES. 


81. Camber.—Truss spans shall be given a camber by so proportioning the length of the 
members that the stringers will be straight when the bridge is fully loaded. 

82. Rigid Members.—Hip verticals and similar members, and the two end panels of the 
bottom chords of single track pin-connected trusses shall be rigid. 

83. Eye-bars.—The eye-bars composing a member shall be so arranged that adjacent bars 
shall not have their surfaces in contact; they shall be as nearly parallel to the axis of the truss as 
possible, the maximum inclination of any bar being limited to one inch in 16 ft. 

84. Pony Trusses.—Pony trusses shall be riveted structures, with double webbed chords, and 
shall have all web members latticed or otherwise effectively stiffened. 


PART SECOND—MATERIALS AND WORKMANSHIP. 


Wo INURE RIUNE 


85. Steel.—Steel shall be made by the open-hearth process. 
86. Properties.—The chemical and physical properties shall conform to the following limits: 


Elements Considered. Structural Steel. Rivet Steel. Steel Castings. 


Basic... 0.04 per cent 0.04 per cent 0.05 per cent 


Phosphorus, max.. Acid.... 0.06 per cent 0.04 per cent 0.08 per cent 


Sulphur, maximum.......... 0.05 per cent 0.04 per cent 0.05 per cent 


Ultimate tensile strength. Desired. Desired. Not less than 


"Pounds per square inch...... 60,000 50,000 65,000 
: Sy Pen I,500,000* 1,500,000 
eee oad) Nig 3 { . Ult. tensile strength | Ult. tensile strength 15 per cent 
Elong., min. %, in 2”, Fig. 2. . 22 Silky or fine 
Character of Fracture Silky Silky granular 
Cold Bends without Fracture. 180° flatf 180° flatt g0° d = 3 


The yield point, as indicated by the drop of beam, shall be recorded in the test reports. 

87. In order that the ultimate strength of full-sized annealed eye-bars may meet the 
requirements of paragraph 163, the ultimate strength in test specimens may be determined by 
the manufacturers; all other tests than those for ultimate strength shall conform to the above 
requirements. 

88. Allowable Variations.—If the ultimate strength varies more than 4,000 lb. from that 
desired, a retest shall be made on the same gage, which, to be acceptable, shall be within 5,000 lb. 
of the desired ultimate. 

89. Chemical Analyses.—Chemical determinations of the percentages of carbon, phosphorus, 
sulphur and manganese shall be made by the manufacturer from a test ingot taken at the 
time of the pouring of each melt of steel, and a correct copy of such analysis shall be furnished 
to the engineer or his inspector. Check analyses shall be made from finished material, if called 
for by the purchaser, in which case an excess of 25 per cent above the required limits will be 
permitted. s ; 

90. Specimens.—Plate, shape and bar specimens for tensile and bending tests shall be made 
by cutting coupons from the finished product, which shall have both faces rolled and both edges 
milled to the form shown by Fig. 1; or with both edges parallel; or they may be turned to a diameter 
of 3-in. for a length of at least 9 in., with enlarged ends. 

gt. Rivet rods shall be tested as rolled. 


* See paragraph 96. + See paragraphs 97, 98, and 99. t See paragraph too. 
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92. Pin and roller specimens shall be cut from the finished rolled or forged bar, in such manner 
that the center of the specimen shall be one inch from the surface of the bar. The specimen for 
tensile test shall be turned to the form shown by Fig. 2. The specimen for bending test shall be 
one inch by 4-in. in section. : 

93. For steel castings the number of tests will depend on the character and importance of 
the castings. Specimens shall be cut cold from coupons molded and cast on some portion of one 
or more castings from each melt or from the sink heads, if the heads are of sufficient size. The 
coupon or sink head, so used, shall be annealed with the casting before it is cut off. Test specimens 
to be of the form prescribed for pins and rollers. 


Fic. 1 


EiGacr 


94. Specimens of Rolled Steel.—Rolled steel shall be tested in the condition in which it 
comes from the rolls. 

95. Number of Tests.—At least one tensile and one bending test shall be made from each 
melt of steel as rolled. In case steel differing 3-in. and more in thickness is rolled from one melt, 
a test shall be made from the thickest and thinnest material rolled. 

96. Modification in Elongation.—A deduction of 1 per cent will be allowed from the specified 
percentage for elongation, for each 3-in. in thickness above #-in. 

97. Bending Tests.—Bending tests may be made by pressure or by blows. Plates, shapes 
and bars less than one inch thick shall bend as called for in paragraph 86. 

98. Thick Material.—Full-sized material for eye-bars and other steel one inch thick and 
over, tested as rolled, shall bend cold 180 degrees around a pin, the diameter of which is equal to 
twice the thickness of the bar, without fracture on the outside of bend. 

99. Bending Angles.—Angles #-in. and less In thickness shall open flat, and angles 4-in. and 
less in thickness shall bend shut, cold, under blows of a hammer, without sign of fracture. This 
test shall be made only when required by the inspector. 

100. Nicked Bends.—Rivet steel, when nicked and bent around a bar of the same diameter 
as the rivet rod, shall give a gradual break and a fine silky uniform fracture. 

ror. Finish.—Finished material shall be free from injurious seams, flaws, cracks, defective 
edges or other defects, and have a smooth, uniform and workmanlike finish. Plates 36 in. in. 
width and under shall have rolled edges. 

102. Melt Numbers.—Every finished piece of steel shall have the melt number and the 
name of the manufacturer stamped or rolled upon it. Steel for pins and rollers shall be stamped 
on the end. Rivet and lattice steel and other small parts may be bundled with the above marks 
on an attached metal tag. 

103. Defective Material.—Material which, subsequent to the above tests at the mills, and 
its acceptance there, develops weak spots, brittleness, cracks or other imperfections, or is found 
to have injurious defects, will be rejected at the shop and shall be replaced by the manufacturer at 
his own cost. 

104. Variation in Weight.—A variation in cross-section or weight of each piece of steel of 
more than 2% per cent from that specified will be sufficient cause for rejection, except in case of 
sheared plates, which will be covered by the following permissible variations, which are to apply 
to single plates, when ordered to weight: 

105. Plates 12} lb. per sq. ft. or heavier: 

(a) Up to 100 in. wide, 2} per cent above or below the prescribed weight. 
(b) One hundred inches wide and over, 5 per cent above or below. 
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106. Plates under 12% lb. per sq. ft.: 
(a) Up to 75 in. wide, 24 per cent above or below. 
(b) Seventy-five inches and up to 100 in. wide, 5 per cent above or 3 per cent below. 
(c) One hundred inches wide and over, 10 per cent above or 3 per cent below. 
107. Plates when ordered to gage will be accepted if they measure not more than 0.01 in. 
below the ordered thickness. 
108. An excess over the nominal weight, corresponding to the dimensions on the order, will 
be allowed for each plate, if not more than that shown in the following table, one cu. in. of rolled 
steel being assumed to weigh 0.2833 lb.: 
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Thickness : #3 td 
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109. Cast-Iron.—Except where chilled iron is specified, castings shall be made of tough gray 
iron, with sulphur not over 0.10 percent. They shall be true to pattern, out of wind and free from 
flaws and excessive shrinkage. If tests are demanded, they shall be made on the ‘Arbitration 
Bar” of the American Society for Testing Materials, which is a round bar 1} in. in diameter and 
15 in. long. The transverse test shall be made on a supported length of 12 in. with load at middle. 
The minimum breaking load so applied shall be 2,900 lb., with a deflection of at least 75 in. before 
rupture. 

110. Wrought-Iron.—Wrought-iron shall be double-rolled, tough, fibrous and uniform in 
character. It shall be thoroughly welded in rolling and be freé from surface defects. When tested 
in specimens of the form of Fig. 1, or in full-sized pieces of the same length, it shall show an ultimate 
strength of at least 50,000 Ib. per sq. in., an elongation of at least 18 per cent in 8 in., with fracture 
wholly fibrous. Specimens shall bend cold, with the fiber, through 135 degrees, without sign of 
fracture, around a pin the diameter of which is not over twice the thickness of the piece tested. 
When nicked and bent, the fracture shall show at least 90 per cent fibrous. 


VI. INSPECTION AND TESTING AT THE MILLS. 


111. Mill Orders.—The purchaser shall be furnished complete copies of mill orders, and no 
material shall be rolled nor work done before the purchaser has been notified where the orders have 
been placed, so that he may arrange for the inspection. 

112. Facilities for Inspection—The manufacturer shall furnish all facilities for. inspecting 
and testing the weight and quality of all material at the mill where it is manufactured. He shall 
furnish a suitable testing machine for testing the specimens as well as prepare the pieces for the 

_ machine, free of cost. 

113. Access to Mills.—When an inspector is furnished by the purchaser to inspect material 
at the mills, he shall have full access, at all times, to all parts of mills where material to be inspected 
by him is being manufactured. 


VII. WORKMANSHIP. 


114. General.—All parts forming a structure shall be built in accordance with approved 
drawings. The workmanship and finish shall be equal to the best practice in modern bridge works. 
Material arriving from the mills shall be protected from the weather and shall have clean surfaces 
before being worked in the shops. 

115. Straightening.—Material shall be thoroughly straightened in the shop, by methods that 
will not injure it, before being laid off or worked in any way. q 

116. Finish.—Shearing and chipping shall be neatly and accurately done and all portions of 
the work exposed to view neatly finished. 

117. Sizé of Rivets.—The size of rivets, called for on the plans, shall be understood to mean 
the actual size of the cold rivet before heating. 
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118. Rivet Holes.—When general reaming is not required, the diameter of the punch shall 
not be more than j5-in. greater than the diameter of the rivet; nor the diameter of the die more 
than }-in. greater than the diameter of the punch. Material more than #-in. thick shall be 
sub-punched and reamed or drilled from the solid. 

119. Punching.—Punching shall be accurately done. Drifting to enlarge unfair holes will 
not be allowed. If the holes must be enlarged to admit the rivet, they shall be reamed. Poor 
matching of holes will be cause for rejection. 

120. Reaming.—Where sub-punching and reaming are required, the punch used shall have a 
diameter not less than 3;-in. smaller than the nominal diameter of the rivet. Holes shall then be 
reamed to a diameter not more than ;4-in. larger than the nominal diameter of the rivet. (See, 
135. 

= — Reaming after Assembling.*—[When general reaming is required it shall be done after 
the pieces forming one built member are assembled and so firmly bolted together that the surfaces 
shall be in close contact. If necessary to take the pieces apart for shipping and handling, the 
respective pieces reamed together shall be so marked that they may be reassembled in the same 
position in the final setting up. No interchange of reamed parts will be permitted.] , 

122. Reaming shall be done with twist drills and without using any lubricant. 

123. The outside burrs on reamed holes shall be removed to the extent of making a 7¢-in. 
fillet. : % 
124. Assembling.—Riveted members shall have all parts well pinned up and firmly drawn 
together with bolts, before riveting is commenced. Contact surfaces to be painted. (See 152.) 

125. Lattice Bars.—Lattice bars shall have neatly rounded ends, unless otherwise called for. 

126. Web Stiffeners.—Stiffeners shall fit neatly between flanges of girders. Where tight 
fits are called for, the ends of the stiffeners shall be faced and shall be brought to a true contact 
bearing with the flange angles. 

127. Splice Plate and Fillers.—Web splice plates and fillers under stiffeners shall be cut to 
fit within 4-in. of flange angles. 


128. Web Plates.—Web plates of girders, which have no cover plates, shall be flush with _ 


the backs of angles or project above the same not more than 4-in., unless otherwise called for. 
When web plates are spliced, not more than }-in. clearance between ends of plates will be allowed. 

129. Floorbeams and Stringers.—The main sections of floorbeams and stringers shall be 
milled to exact length after riveting and the connection angles accurately set flush and true to 
the milled ends {lor if required by the purchaser the milling shall be done after the connection 
angles are riveted in place, milling to extend over the entire face of the member]. The removal 
of more than 35-in. from the thickness of the connection angles will be cause for rejection. 

130. Riveting.—Rivets shall be uniformly heated to a light cherry red heat in a gas or oil 
furnace so constructed that it can be adjusted to the proper temperature. They shall be driven 
by pressure tools wherever possible. Pneumatic hammers shall be used in preference to hand 
driving. 

131. Rivets shall look neat and finished, with heads of approved shape, full and of equal 
size. They shall be central on shank and grip the assembled pieces firmly. Recupping and 
calking will not be allowed. Loose, burned or otherwise defective rivets shall be cut out and 
replaced. In cutting out rivets, great care shall be taken not to injure the adjacent metal. If 
necessary, they shall be drilled out. 

132. Turned Bolts.—Wherever bolts are used in place of rivets which transmit shear, the 
holes shall be reamed parallel and.the bolts shall make a driving fit with the threads entirely 
outside of the holes. A washer not less than 4-in. thick shall be used under nut. 

133. Members to be Straight.—The several pieces forming one built member shall be straight 
and fit closely together, and finished members shall be free from twists, bends or open joints. 

134. Finish of Joints.—Abutting joints shall be cut or dressed true and straight and fitted 
close together, especially where open to view. In compression joints, depending on contact 
bearing, the surfaces shall be truly faced, so as to have even bearings after they are riveted up 
complete and when perfectly aligned. 

135. Field Connections.—Holes for floorbeam and stringer connections shall be sub-punched 
and reamed according to paragraph 120, to a steel templet not less than one inch thick. {If 
required, all other field connections, except those for laterals and sway bracing, shall be assembled 
in the shop and the unfair holes reamed; and when so reamed the pieces shall be match-marked 
before being taken apart.] 

136. Eye-Bars.—Eye-bars shall be straight and true to size, and shall be free from twists, 
folds in the neck or head, or any other defect. Heads shall be made by upsetting, rolling or 
forging. Welding will not be allowed. The form of heads will be determined by the dies in use 


* See Addendum, clause (d). 
t+ See Addendum, clause (f). 
{See Addendum, clause (e). 
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at the works where the eye-bars are made, if satisfactory to the engineer, but the manufacturer 
shall guarantee the bars to break in the body when tested to rupture. The thickness of head 
and neck shall not vary more than 74-in. from that specified. (See 163.) 

137. Boring Eye-Bars.—Before boring, each eye-bar shall be properly annealed and carefully 
straightened. Pin-holes shall be in the center line of bars and in the center of heads. Bars of 
the same length shall be bored so accurately that, when placed together, pins ay-in. smaller in 
diameter than the pin-holes can be passed through the holes at both ends of the bars at the same 
time without forcing. 

138. Pin-Holes.—Pin-holes shall be bored true to gages, smooth and straight; at right angles 
to the axis of the member and parallel to each other, unless otherwise called for. The boring 
shall be done after the member is riveted up. 

139. The distance center to center of pin-holes shall be correct within 34-in., and the diameter 
of the holes not more than y5-in. larger than that of the pin, for pins up to 5-in. diameter, and 2;- 
in. for larger pins. 

140. Pins and Rollers.—Pins and rollers shall be accurately turned to gages and shall be 
straight and smooth and entirely free from flaws. 

141. Screw Threads.—Screw threads shall make tight fits in the nuts and shall be U. S. 
standard, except above the diameter of 13 in., when they shall be made with six threads per inch. 

142. Annealing.—Steel, except in minor details, which has been partially heated, shall be 
properly annealed. 

143. Steel Castings.—Steel castings shall be free from large or injurious blowholes and shall 
be annealed. 

144. Welds.—Welds in steel will not be allowed. : 

145. Bed Plates.—Expansion bed plates shall be planed true and smooth. Cast wall plates 
shall be planed top and bottom. The finishing cut of the planing tool shall be fine and correspond 
with the direction of expansion. 

146. Pilot Nuts.—Pilot and driving nuts shall be furnished for each size of pin, in such 
numbers as may be ordered. 

147. Field Rivets.—Field rivets shall be furnished to the amount of 15 per cent plus ten rivets 
in excess of the nominal number required for each size. 

148. Shipping Details.—Pins, nuts, bolts, rivets and other small details shall be boxed or 
crated. 

149. Weight.—The scale weight of every piece and box shall be marked on it in plain figures. 

150. Finished Weight.—Payment for pound price contracts shall be by scale weight. No 
allowance over 2 per cent of the total weight of the structure as computed from the plans will be 
allowed for excess weight. 


VIII. SHOP PAINTING. 


*151. Cleaning.—Steel work, before leaving the shop, shall be thoroughly cleaned and given 
one good coating of pure linseed oil, or such paint as may be called for, well worked into all joints 
and open spaces. 4 

152. Contact Surfaces.—In riveted work, the surfaces coming in contact shall each be painted 
before being riveted together. 

153. Inaccessible Surfaces.—Pieces and parts which are not accessible for painting after 
erection, including tops of stringers, eye-bar heads, ends of posts and chords, etc., shall have an 
additional coat of paint before leaving the shop. 

154. Condition of Surfaces.—Painting shall be done only when the surface of the metal 
is perfectly dry. It shall not be done in wet or freezing weather, unless protected under cover. 

155. Machine-Finished Surfaces.—Machine-finished surfaces shall be coated with white 
lead and tallow before shipment or before being put out into the open air. 


IX. INSPECTION AND TESTING AT THE SHOPS. 


156. Facilities for Inspection.—The manufacturer shall furnish all facilities for inspecting 
and testing the weight and quality of workmanship at the shop where material is manufactured. 
He shall furnish a suitable testing machine for testing full-sized members, if required. 

157. Starting Work.—The purchaser shall be notified well in advance of the start of the work 
in the shop, in order that he may have an inspector on hand to inspect material and workmanship. 

158. Access to Shop.—When an inspector is furnished by the purchaser, he shall have full 
oe at all times, to all parts of the shop where material under his inspection is being manu- 
actured. ; 3 

159. Accepting Material.—The inspector shall stamp each piece accepted with a private mark, 
Any piece not so marked may be rejected at any time and at any stage of the work. If the in- 


* See Addendum, clause (b). 
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spector, through an oversight or otherwise, has accepted material or work which is defective or 
contrary to the specifications, this material, no matter in what stage of completion, may be 
rejected by the purchaser. : 

160. Shop Plans.—The purchaser shall be furnished complete shop plans. 

161. Shipping Invoices.—Complete copies of shipping inveices shall be furnished to the 
purchaser with each shipment. These shall show the scale weights of individual pieces. 


X. FULL-SIZED TESTS. 


162. Eye-Bar Tests.—Full-sized tests on eye-bars and similar members, to prove the work- 
manship, shall be made at the manufacturer’s expense, and shall be paid for by the purchaser at 
contract price, if the tests are satisfactory. If the tests are not satisfactory, the members repre- 
sented by them will be rejected. 

163. In eye-bar tests, the minimum ultimate strength shall be 55,000 lb. per sq. in. The 
elongation in 10 ft., including fracture, shall be not less than 15 per cent. Bars shall generally 
break in the body and the fracture shall be silky or fine granular, and the elastic limit as indicated 
by the drop of the mercury shall be recorded. Should a bar break in the head and develop the 
specified elongation, ultimate strength and character of fracture, it shall not be cause for rejection, 
provided not more than one-third of the total number of bars break in the head (see 136). 


ADDENDUM TO GENERAL SPECIFICATIONS FOR STEEL RAILWAY BRIDGES. 


POINTS TO BE SPECIFICALLY DETERMINED BY BUYERS WHEN SOLICITING PROPOSALS FOR STEEL 
RAILWAY BRIDGES. 


When general detail drawings are aot furnished for the use of bidders specific answers should 
be given to questions a, b and c, below. 

Specific answers should also be given to questions d, e and f if the class of work described in 
any of the paragraphs there referred to is desired. If these features are not specifically demanded, 
the unbracketed paragraphs will be construed to define the kind of work desired. 

(a) What class of live load shall be used? (Pars. 7 and 8.) 

(b) Shall linseed oil or paint be used? If paint, what kind? (Par. 151.) 

(c) Shall contractor furnish floor bolts? 

(d) Shall general reaming be done? (Par. 121.) 

(e) Shall field connections be assembled at the shop? (Par. 135.) 

(f) Shall floor connection angles be milled after riveting? (Par. 129.) 


INSTRUCTIONS FOR THE DESIGN OF RAILWAY BRIDGES.* 


The following instructions for the design of the details of railway bridges have been prepared 


by the engineering department of the Chicago, Milwaukee & St. Paul Railway, 1912. 

RIVETS AND RIVET SPACING.—1. For conventional signs, actual sizes of heads and 
lengths of field rivets for various grips, see Fig. 10, Chap. XII, and Table 1o9, Part II. 

2. Size.—Rivets for steel bridge work shall usually be } in. diameter, except where limited 
by size of material. In very heavy work, where rivets of long grip are required, such as in the 
drums of draw spans, I in. rivets are preferable. 

3. Flattened.—Rivet heads are not to be flattened to less than 2 in. high. 

4. Countersunk.—Where heads less than ? in. high are required, they shall be countersunk. 
The conventional signs for countersunk rivets mean that rivets shall be countersunk and chipped. 
Where chipping is not required, it should be so noted on the drawing. Countersunk rivets skould 
be avoided whenever possible. 

: >. Clearance of Heads.—In determining clearance the heights of heads should be assumed 
as follows: 
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6. Spacing.—In spacing rivets the use of fractions smaller than + in. should be avoided. 


Where unavoidable, locate in such a way as to cause the least number of repetitions. 

Locate splices and stiffeners with a view to keeping the rivet spacing as regular as possible. 

7. Stagger and Clearance.—For distances center to center of staggered rivets and clearance 
required for driving, see standards. In special cases where the prescribed clearances are im- 
possible, allow at least 4 in. clearance for } in. and I in. rivets and 7% in. for 2 in. rivets, from the 
edge of the rivet head to the nearest surface or other obstruction. 

In the connection of cross-frames to girders, and in small lug angles and detail angles, rivets 
must be spaced so that they will not interfere with each other in driving. 

In girder flange angles, the rivets in the ‘‘flange”’ legs should stagger at least I in. with rivets 
in the ‘‘web” legs, but should be staggered uniformly. 

RIVETED CONNECTIONS.—1. Grouping.—Rivets should be grouped to insure that 
the line of applied stress passes as near as possible through the center of the group of rivets which 
resists that stress. Where-the eccentricity is marked, the stress on the extreme rivet due to this 
eccentricity shall be computed and when properly combined with the direct stress shall not exceed 
the allowable stress per rivet. 

2. Gusset Plates.—Gusset plates shall have such a thickness as will on any section develop, 
in bending and shear, the full stress which has been transmitted to it by the rivets outside the 
section. 


3. Clearance.—The clearance between chords and web members entering same and other 
1 


similar riveted connections shall be not less than § in. in heavy structures and 7g in. in light 
structures. 

PINS AND PIN PACKING.—1. Pins.—Pins shall be proportioned to carry the reactions 
of the stresses in all the members meeting at a point at unit stresses specified. In computing 
bending moment on pins, assume each load concentrated at its center of bearing. 

2. Pin Packing.—Observe the following rules regarding arrangement of eye-bars and pin 

lates: 
a (1) Arrange pin packing so as to reduce bending moment on pin to minimum. 

(2) Leave at least 7; in. clearance between adjacent surfaces. : 

(3) Provide an additional clearance in the length of the pin of not less than 2 in. | 5s 

(4) When two or more pin plates are riveted together, allow 3 in. for each plate, in addition 
to its nominal thickness. ; , ; 

(5) Where hinge plates are used allow } in. clearance between hinge plates and faces of con- 


necting members. . At 
(6) Adjacent surfaces of eye-bars composing a member shall have a clearance of { in. to 


allow for painting. ; } 
(7) All eye-bars are to lie in planes as nearly as possible parallel to the center line of truss, 


no divergence exceeding one inch in 16 ft. being permitted. 


* Prepared by the engineering department of the Chicago, Milwaukee & St. Paul Ry.; 
Mr. C. EF. Loweth, Chief Engineer, and Mr. J. H. Prior, Office Engineer. 
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(8) Where distance between adjacent surfaces is } in. or more, filler rings shall be provided 
to prevent lateral motion, but the aggregate length of such filler rings shall be 3 in. less than the 
neat length required, after making necessary allowances for packing. 

(9) The neat grip of pins shall be the distance out to out of outside surfaces after making 
allowances for clearance. 

(10) The ordered length of pins between shoulders shall exceed the neat grip by the following 
allowances: 

For pins of 33 in. diam. or less, allow } in. 
For pins of 37 in. diam. to 6 in. diam., allow } im 
For pins of 6% in. diam. to 9j in. diam., allow ¢ in. 


GIRDER WEBS.—Width of Web Plates.—On deck girders the web must usually project 
2 in. above the back of the top flange angles, to receive the notches in the track ties, except for 
concrete deck floors where the slabs rest on a top cover plate. In other cases, where no cover 
plates are required, the web must be flush with the top flange angles. At the bottom flange in 
all cases, and at the top flange where cover plates are required, the web may be set back ¢ in. 

Web plates shall not be ordered in widths having a fraction of an inch less than 3 in. 

Thickness.—Web plates: should have a minimum thickness of 7 in. At web splices } in. 
clearance between ends of web plates shall be allowed. 

Web Splices Location.—Web splices for girders, when required, should preferably be placed 
near the third or quarter points, and never when avoidable at the point of maximum moment. 

Size.—Web splices should be of sufficient width to take two lines of rivets through each 
section of the web spliced. When not under floorbeam connection angles, § in. clearance may be 
allowed top and bottom. 

Moment Splices.—In addition there should be splice plates on the vertical legs of the flange 
angles, designed to splice the portion of the web covered by the flange and where thus spliced, the 
resisting moment on the web may be taken as equivalent to that of § of its gross area considered ° 
as flange section. 

Where the splice plates on the flange angles are omitted, the rivets in the flange angles for a 
distance of one foot either side of the splice may be considered as part of the group of splicing rivets, 
and account shall be taken of the longitudinal shearing stress on these rivets as well as the stress 
due to the splice. 

Riveting.—The riveting shall, where practicable, be such as to develop the full strength of 
the web, and shall always be such as to develop the actual moment carried by the web at any point; 
this being determined by multiplying the total moment on the section by the ratio of $ of the gross 
web section to the total flange area, including this web equivalent. Splices shall also be designed 
to carry the total shear on the section due to the assumed loading. . 

GIRDER FLANGES.—1. Composition.—At least } of the area of the flange section should 
consist of angles, or else the maximum size of the latter be used, and in no case should the center 
of gravity of the flange come above the flange angles. For location of center of gravity for various 
types of flange and sizes of material, see Table 88, Part II. 

2. Composition of flanges shall preferably be as follows: 

(1) 6’ X 6’’ angles without cover plates. 

(2) 6’ X 6’ angies with 14 in. or 16 in. cover plates. 

(3) 8’ X 8” angles with 17 in. or 18 in. cover plates. 

(4) 8’’ X 8’’ angles with 2 or 4-6’’ X 4’’ angles, without cover plates. (Type A4.) 

Thickness of flanges without cover plates shall not be less than 7; the width of the outstanding 
leg of the angle. 

3. Net Section.—The riveting in the tension flanges shall be computed according to method 
shown in Tables 109 to 113, Part II. Where the spacing of flange rivets is not known in advance, 
about the following allowances shall be made. In detailing flange riveting, where there is not a 
considerable excess of flange section, endeavor to keep within these allowances: 

(1) Flange angles without cover plates and without lateral bracing connections, each angle— 
one hole out. 

(2) Flange angles without cover plates, but with lateral connections, each angle—1} holes 
out. 

(3) Flange angles with cover plates, each angle—two holes out. t 

(4) Cover plates—two holes out. 

4. Cover Plates.—Cover plates shall have the same thickness or shall diminish in thickness 
from the flange angle out. In determining length of cover plates, the curve of maximum moments 
shall be established and plates shall be made 1 ft. longer at each end than the theoretical require- 
ment. 

5. Flange Splices.—Flanges shall never be spliced unless it is impossible to get material of 
the required length. Where flange splices occur the following requirements shall be observed: 


% 
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(1) Splices shall always be located at points where there is an excess of flange section. 

(2) No two parts of the flange shall be spliced within 2 ft. of each other. 

(3) Flange angles shall be spliced with a splice angle of equal section riveted to both legs of 
the angle spliced. Where this is impossible, the largest possible splice angle shall be used, and the 
difference made up by a plate riveted to the vertical leg of the opposite angle. 

(4) In splicing cover plates where one or more plates intervene between the splice plate and 
the cover plate which it splices, the requirement of paragraph 57 of the A. R. E. A. Specifications 
for Design shall be-observed. 

(5) Rivets in splice plates and angles shall be located as close together as possible, in order 
that the transfer may take place in a short distance. 

- (6) No allowance shall be made for abutting edges of spliced members of the compression 
ange. @ 

_ 6. Flange Riveting.—Rivets connecting flange to the web shall be sufficient to resist at any 
point the longitudinal shear combined with any load that is applied directly to the flanges. The 
wheel loads where ties rest directly on the flanges shall be assumed to be distributed over opine, 

The pitch of rivets between flange and web at any section may be computed by the formulas: 

For through girders, p = R- d/S. 

R 


p = longitudinal spacing of rivets in inches; 

R = value of one rivet in bearing or double shear in pounds; 
d => 

S= 


For deck girders, p = 


distance center to center of flanges in inches; 
total maximum shear in pounds at the section, reduced in the ratio of the net area of 
flange angles and plates to the net area of flange plus $ the gross web section. 
W = one wheel load plus 100 per cent impact. 
7. Maximum Spacing.—Maximum spacing of rivets between flanges and web shall be: 
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For convenience in shop work, spacing of rivets in top and bottom flanges shall be exactly 
alike where possible. 

8. Rivets in Cover Plates.—Where it is necessary to compute spacing of rivets connecting 
cover plates to flange angles, the following formula may be used: 


p=n-R-d[S X Ala 


where R = value of one rivet in single shear or bearing; 
n = number of rivets on one transverse line through cover plates and flanges; 
a = total area of cover plates at section; . 


A = area of entire flange at section; 
Sand d, as in section 6, ‘Flange Riveting.” 

The pitch as computed by this formula shall be diminished 15 per cent for every cover plate 
morethanone. Rivets in cover plates shall preferably stagger half way with the rivets in the verti- 
cal legs of the flange angles. The maximum spacing shall be 6 in. 

g. Circular Ends.—For through spans with circular ends, the end angles should be spliced near 
the ends, as the full length angles cannot be handled in making the bends. 

Rivets through cover plates on circular ends must be spaced close enough to draw the plates 
tight against the angles. The smaller the radius, the closer rivets should be spaced. 

10. Overrun of Angles.—In plate girders whose top flange is composed of four or more angles, 
about 1 in. should be allowed between the edges of angles to allow for overrun. ; 

11. Gage in Cover-Plates.—On girders which are similar, but which have webs of different 
thickness, the gage in the angles should be left the same and the gage in the cover plate varied to 
suit the web thickness. 

GIRDER STIFFENERS.—Intermediate Stiffeners.—Intermediate stiffeners, except at con- 
centrated load, may be offset, and shall bear tightly against top and bottom flange. The ordered 
length of offset stiffener angles shall be the finished length plus the thickness of each angle over 
which it is offset. ‘ ‘ E i. fs 

Size of Stiffeners.—In general, the minimum size of stiffeners bearings against 6) x 6" 
flange angles shall be 5’’ X 33/’ X 3’, and against 8’’ X 8’ flange angles shall be 6" X 32 

EWA 


8 5 . . 
Field riveted stiffeners at floorbeams of through girders may have } in. clearance at the top. 
Fillers under end stiffeners and under concentrated loads must bear on bottom flange, but may 


have ¢ in. clearance at top. 
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Rivets in Stiffeners.—Rivets in stiffener angles may have the maximum spacing, except that: 

(a) Rivets in end stiffeners and stiffeners at concentrated loads shall develop the full computed 
stress in the stiffeners. 

(b) Spacing of rivets in end stiffeners, intermediate stiffeners, and web splices shall be identi- 
cal, except that rivets in any line may be omitted where possible without exceeding the maximum 
specified pitch, in order to minimize shop work of punching. 

Holes for Hand-Hooks.—All stiffeners on deck girders with concrete decks and ballast floors 
should have holes punched in the outstanding legs for inserting hand-hook to support a person 
inspecting bridge. Holes should be +3 in. diameter and located 6 in. from top flange on shallow 
girders and 6 ft. from bottom flange on deep girders. Gage line of hole to be 1% in. from outer 
edge of angle. 

STRINGERS AND FLOORBEAMS.—1. Stringers.—Stringers for through girder spans 
may be either I-beams or built girders. Where I-beams are used two stringers shall be placed 
under each rail. Depth of stringers shall depend on available distance from base of rail to ‘low 
_ bridge”; depth shall be preferably $ to §, but not less than #5, the panel length. 

2. Floorbeams.—Depth of floorbeams shall be such as to allow stringers to be framed readily 
into the web, and not less than § of the distance center to center of girders or trusses. 

3. Stringer Connections.—Stringers shall be riveted to webs of floorbeams with 3 in. con- 
nection angles. Connection angles are to be faced to provide uniform bearing against webs of 
floorbeams. Make stringers 35 in. short at each end for clearance in erecting. 

4. Floorbeams for Through Girders.—The gusset plates connecting floorbeams to main 
girders shall, wherever possible, extend to the top of the girder and shall have an angle riveted 
along the edge, to form an effective stay for the top flange of the main girder, and they shall also 
form the webs of the end portions of the floorbeams, extending out toward the center as far as the 
clearance line will allow, and being there spliced to the main web. 

5. Floorbeams for Truss Bridges.—Floorbeams for truss spans shall preferably be riveted to 
the vertical posts or hangers, extending the connection angle above the top flange where necessary | 
to secure sufficient rivets. When it is necessary to cut away the lower corner of the floorbeam to 
clear the chord, special care shall be taken to so reinforce the web as to carry the end shear into 
the connection angles. é 

TRUSS AND TOWER MEMBERS.—1. Top Chord and End-post.—The top chord and 
the inclined end-post shall usually consist of two built channels, with a thin cover plate on top 
and with bottom flanges latticed. The bottom flanges shall be made heavier than the top, in 
order that the gravity axis may come as close as possible to the center line of the webs. 

2. Verticals and Rigid Tension Members.—Intermediate posts shall usually consist of two 
rolled or built channels latticed. Hip verticals and similar members and the two end panels 
of the bottom chords of single track pin-connected trusses shall be rigid, and may consist either 
of two rolled or built channels latticed; or of four angles latticed to form an I-section. 

3. Eye-bars.—Eye-bars shall be used for all bottom chord-members and main diagonals that 
do not require to be stiffened in pin-connected trusses. Dimensions of heads shall be according 
to manufacturers shop standard. Length of eye-bars shall be given on the drawings, center to 
center of pin holes, and also back to back of pin holes. 

4. Eccentricity—The line of applied force must coincide with the gravity axes of built 
members or else the member must be designed for combined direct stress and flexure due to the 
eccentricity of the applied load. 

5. Bending Due to Weight.—Bending moment in the top chord and end-post due to weight 


of member may be computed by the approximate formula, a + M-c/I, where P = total direct 


stress in the member; A = gross area of the section of the member; MZ = bending moment at the 
section of the member in in.-lb.; c = distance to extreme fiber; and J = moment of inertia of the 
section of the member, and the stress from such bending shall be deducted from the average 
compressive stress allowed by the column formula. 

6. Bending in End-posts.—In computing stresses in the end-post of through pin-connected 
trusses, due to wind force, where the end-post consists of two built or rolled channels, if the product 
of the wind reaction in the top chord times one-half the distance from the foot of the post to the 
lowest connection of the portal bracing does not exceed the product of the dead load stress in one 
of the channels composing the end-post times the distance center to center of the bearings of the 
channels on the pin, the post may be considered fixed-ended and the point of contra-flexure 
assumed midway between the foot of the post and the lower connection of the portal bracing. 
Otherwise it must be considered pin-connected. The end-posts of riveted through trusses shall 
be considered as fixed-ended columns. 

7. Over-run of Angles.—Where side plates are used on chord sections placed between the 
flange angles, at least } in. clearance should be allowed between the edges of the plate and the 
angles to allow for over-run of angles. 
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_ 8. Clearance for Riveting.—When flanges of angles and channels of built members are turned 
in, 52 in. opening between edges of angles or channels is required to rivet the tie plates and lacing. 

__ LATERAL AND SWAY BRACING.—1. Minimum Sizes.—The minimum size of angles 
to be used in bracings shall be 33’ X 3’’ X 3’’.. Not less than three rivets shall be used in the 
connection. : 

2. Effective Section.—Where single angles are used for bracing members without lug angles 
connecting the outstanding leg to the gusset plates, not more than 80 per cent of the net section, if 
in tension, shall be considered as effective. ; 

Where single angles, used for bracing members, have lug angles connecting their outstanding 
legs to the gusset plates, and where the center of the group of connecting rivets in the gusset 
plates fall close to the gravity line of the angle, in plan, 90 per cent of the net section may be 
considered effective. ' 

3. Double Diagonal Systems.—In double diagonal systems the shear due to wind force shall 
be considered as carried wholly by one diagonal in tension, but the maximum value of J/r = 120, 
specified for bracing members, shall not be exceeded. In assuming ‘‘7v”’ the connection of di- 
agonals at their intersection may be considered as offering support against deflection in the plane 
of the system, but not against deflection perpendicular thereto. 

4. Bending at Connections.—Connections between bracing members and chords shall be 
designed to avoid as far as possible any bending stress in main truss members. 

5. Allowance for Draw.—For diagonal bracing of one or two angles the following draw 
should be allowed: ; 


For lengths up to Io ft. No Allowance. 
from 10 to 21 ft. Allow #¢ in. 
from 21 to 35 ft. Allow # in. 
over 35 ft. Allow 35 in. 


The use of thirty-seconds of an inch should be avoided but the above allowances should not be 
varied by more than ¥ in. 

LATERAL BRACING.—1. Lateral Bracing.—Lateral bracing shall be in general as follows: 

(1) Deck girders and top flanges of stringers 15 ft. long and over; single diagonal system with 
transverse struts, composed of single angles. Slope of diagonals 45° to 60° with axis of bridge. 

(2) Through girders: Double diagonal system of same panel length as floor system, com- 
posed of single angles; floorbeams to act as the transverse struts of the system. 

(3) Trusses, loaded chord: Double diagonal systems of same panel length as floor systems, 
composed of single angles, or double angles back to back; floorbeams to act as the transverse 
struts of the system. 

(4) Trusses, unloaded chord: Double diagonal systems of same panel length as floor system 
with transverse struts at panel points; all composed of two or four angles laced to form a channel 
or I-section, of depth equal to depth of chords. 

2. Traction Stresses.—The lateral system in the plane of the loaded chord of truss spans and 
of through girder spans shall be effectively riveted to the stringers at intersections, and the diagonal 
shall be designed to transmit the traction for one panel length of track to the panel point; one 
diagonal for each stringer considered acting in tension. 

3. Clipping Angles for Clearance.—The vertical leg of laterals should be clipped at the end 
when there is a possibility that the square corner would interfere in any way with putting in the 
laterals or riveting up. This is to be particularly looked out for at floorbeam connections of 
through girder spans and in top laterals of Type A4 girder spans. 

4. Squaring of Holes in Connections.—Where laterals are riveted to stringers the holes 
should be squared with the stringers, if possible. At the intersection of diagonals, the holes in 
splices with two lines of rivets should be squared with lateral and skewed on the splice plate. 

5. Tie Plates and Lacing Symmetrical.—Where laterals have tie plates or tie plates and lacing 
bars, they should be detailed symmetrically so that the angles will be identical by turning end for end. 

6. Lateral Plates C3 and C4 Spans.—The lateral plates of Type C3 and Type C4 girder 
spans (flanges two angles and cover plates) should not be shop riveted to the girders, as it is 
impossible to put in floorbeam connection angles when this is done. 

TRANSVERSE BRACING.—1. Transverse bracing shall be used as follows: 

(1) At intervals of not more than 15 ft. on deck girder spans. Intermediate frames shall be 
of minimum material. End frames shall be designed to carry to the abutment the total lateral 
forces acting on the top flange. End frames of skew deck girders shall be placed at the end 
of the short girder, and at right angles to same. Top and bottom lateral diagonal braces shall 
be used to stay the end of the long girder. 

(2) As spacers for stringers resting on masonry where end floorbeams cannot be used, These 
frames shall be riveted to girders or truss shoes where practicable. 

(3) As spacers for stringers at all expansion points. 

(4) At end panel of through truss spans, having vertical truss members. These frames 
shall be as deep as clearance will permit. 
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(5) Through truss spans shall have riveted portal braces rigidly connected to the end-posts 
and top chords. They shall be as deep as clearance will allow, and shall be designed to carry to 
the abutment the total wind force acting on the top chord. 

(6) At panel points of deck truss spans, having vertical members. Intermediate frames 
shall be designed to carry 3 the panel concentration of wind and centrifugal force to the bottom 
chord and the end frame shall be designed to carry 3 the total wind and centrifugal force acting 
on the top chord to the abutment. : ; 

Frames for (1), (2) and (3) shall consist of single angle struts, top and bottom and double 
diagonals. Frames for (4) may consist of knee braces attached to the top lateral struts, but pre- 
ferably where clearance permits, of light open webbed girder. Portal frames shall consist of open 
webbed girders, with knee braces connections to inclined posts. Frames for (6) shall consist of 
double diagonals running between floorbeams and lower lateral struts and composed of two angles 
back to back, or of two or four angles laced. 

2. Diaphragms for Twin Deck Spans.—Diaphragms connecting two pairs of twin girders 
are to be omitted on shallow spans. Where the girders exceed 3 ft. 6 in. in depth, diaphragms shall 
be added for rigidity. They shall be connected to girders with field bolts. 

3. End Cross Frames and Diaphragms.—In the design and location of end cross frames and 
diaphragms their shape and position shall be such as to give access to the space between the 
girders for inspection, painting and the placing of anchor bolts. 

REFERENCES.—For the calculation of the stresses in railway bridges and for additional 
details and the details of design, the following books may be consulted: Merriman & Jacoby’s 
“Roofs and Bridges,’”’ Part I, Stresses; Part II, Graphic Statics; Part III, Bridge Design; Part IV, 
Higher Structures; Johnson, Bryan and Turneaure’s ‘‘Framed Structures,’ Part I, Stresses, 
Part II, Statically Indeterminate Structures and Secondary Stresses; Part III, Design (in prep- 
aration); Marburg’s ‘‘Framed Structures,’’ Part I, Stresses; Spofford’s ‘Theory of Structures,” 
stresses in structures; DuBois’s ‘Framed Structures”; Burr and Falk’s ‘‘ Design and Construction 
of Metallic Bridges”; Skinner’s ‘‘Details of Bridge Design,’’ Parts I, II, III; Moore’s “Design 


of Plate Girders”; Ketchum’s ‘‘The Design, of Highway Bridges,”’ stresses, details and design. 


CHAPTER V. 
RETAINING WALLS. 


Introduction.—A retaining wall is a structure which sustains the lateral pressure of earth or 
some other granular mass which possesses some frictional stability. The pressure of the material 
supported will depend upon the material, the manner of depositing in place, and upon the amount 
of moisture, and will vary from zero to the full hydraulic pressure. If dry clay is loosely deposited 
behind the wall it will exert full pressure, due to this condition. In time the earth may become 
consolidated and cohesion and moisture make a solid clay, which may cause the bank to shrink 
away from the wall and there will be no pressure exerted. On the other hand all cohesion may 
be destroyed by the vibration of moving loads or by saturation, and the maximum theoretical 
pressures may occur. The pressures due to a dry granular mass, a semi-fluid, without cohesion, 
of indefinite extent, the particles held in place by friction on each other, will be considered. The 
effect of cohesion and of limiting the extent of the mass is considered in the author’s “The Design 
of Walls, Bins and Grain Elevators.” 

Nomenclature.—The following nomenclature will be used: 

¢@ = the angle of repose of the filling. 
¢’ = the angle of friction of the filling on the back of the wall. 
6 = the angle between the back of the wall and a horizontal line passing through the heel of the 
wall and extending from the back into the fill. 
angle of surcharge, the angle between the surface of the filling and the horizontal; 6 is 
positive when measured above and negative when measured below the horizontal. 
= the angle which the resultant earth-pressure makes with a normal to the back of the wall. 
= the angle between the resultant thrust, P, and a horizontal line. 
the vertical height of the wall in feet. 
the width of the base of the wall in feet. 
the distance from the center of the base to the point where the resultant pressure, E, cuts 
the base. 
the resultant earth-pressure per foot of length of wall. 
the resultant of the earth-pressure and the weight of the wall. 
the weight of the filling per cubic foot. 
the total weight of the wall per foot of length of wall. 
= the pressure on the foundation due to direct pressure. 
the pressure on the foundation due to bending moments. 
p = the resultant pressure on the foundation due to direct and bending forces. 
’ y = the depth of foundation below the earth surface. 

Calculation of the Pressure on Retaining Walls.—To fully determine the pressure of the 
filling on a retaining wall it is necessary that the resultant of the pressure be known (a) in amount, 
(b) in line of action, and (c) in point of application. Many theories have been proposed for 
finding the pressure, each differing somewhat as to the assumptions and results. All theories 
for the design of retaining walls that have any theoretical basis come in two classes: (1) the Theory 
of Conjugate Pressures, due to Rankine, and commonly known as Rankine’s Theory, and (2) 
the Theory of the Maximum Wedge, probably first proposed by Coulomb, and commonly known 
as Coulomb’s Theory. Rankine’s Theory determines the thrust in amount, in line of action, and 
in point of application. In Coulomb’s Theory, with the exception of Weyrauch’s solution, the 
line of action and point of application must be assumed, thus leading to numerous solutions of 
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more or less merit. All solutions based on the theory of the wedge assume that the resultant 
thrust is applied at one-third the height for a wall with a level or inclined surcharge, as is given 
by Rankine; but the resultant is assumed as making angles with a normal to the back of the 
wall varying from zero to the angle of repose of the filling. In Rankine’s solution the resultant 
pressure is parallel to the plane of the surcharge for a vertical wall with a level or positive surcharge. 
(1) RANKINE’S THEORY.—In this theory the filling is assumed to consist of an incom- 
pressible, homogeneous, granular mass, without cohesion, the particles are held in position by 
friction on each other; the mass being of indefinite extent, having a plane top surface, resting 
on a homogeneous foundation, and being subjected to its own weight. The principal and conju- 
gate stresses in the mass are calculated, thus leading to the ellipse of stress. In the analysis it 
is proved (a) that the maximum angle between the pressure on any plane and the normal to 
the plane is equal to the angle of internal friction, and (6) that there is no active upward component 
of stress in a granular mass. Both of these laws have been verified by experiments on semi- 
fluids. Rankine deduced algebraic formulas for calculating the resultant pressure on a vertical 
wall with a horizontal surcharge, and on a vertical wall with a surcharge equal to 6, an angle 
equal to or less than the angle of repose. The general case is best solved by constructing the 
ellipse of stress by graphics, or Weyrauch’s algebraic solution may be used. The author has 
extended Rankine’s solution in ‘‘The Design of Walls, Bins and Grain Elevators,’’ so that it is — 
perfectly general. 
Rankine’s Formulas.—With a vertical wall and a horizontal surcharge, Fig. 1, the total 
resultant pressure is 
Pee I —sing 


I1+sing (x) 


where w is the weight of the filling in lb. per cu. ft., # is the depth of the wall in feet, ¢ is the angle 
of repose of the filling, and P is the resultant pressure on the wall in pounds. The resultant 
pressure, P, will be horizontal. ‘ 
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For a vertical wall with surcharge at an angle 5, Fig. 2, the pressure is given by the formula 


cos 8 — Vcos? 6 — cos? } 


P = 4w-h?-cos 6 ee (2) 
cos 86 + Vcos? 6 — cos? & 
Where 6 is equal to ¢, formula (2) becomes 
P = iw-h*® cos (3) 


The resultant pressure, P, is parallel to the inclined top surface for a vertical wall with a level 
or a positive surcharge (many authors have incorrectly assumed that the resultant pressure is 
always parallel to the top surface of the surcharged filling). 

Inclined Retaining Wall.—The pressure on an inclined retaining wall may be calculated by 
means of the ellipse of stress—see the author’s ‘‘The Design of Walls, Bins and Grain Elevators.” 
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The pressure on an inclined retaining wall may also be calculated by means of the graphic solution 
shown in Fig. 3 if the direction of the thrust be known. From Rankine’s theory we know that 
the resultant pressure on a vertical retaining wall is always parallel to the top surface where the 
surcharge is level or is inclined upwards away from the wall. The pressure on a retaining wall 
inclined away from the filling may then be calculated as follows: 


Fic. 3. PRESSURE ON AN INCLINED RETAINING WALL. 


In Fig. 3 the retaining wall A CD B sustains the pressure of a filling having an angle of repose 
¢, and sloping up away from the top of the wall at an angle 6. Calculate P’ the pressure on the 
plane E-B by means of formula (2). P’ acts at a point }EB above B and is parallel to the 
. top surface DE. Let the weight of the triangle of filling DBE be G, which acts through the 
center of gravity of the triangle and intersects P’ at point O. Then P», the resultant of P’ 
and G, will be the resultant pressure at O, and makes an angle z with a normal to the back of the 
wall, and an angle, \ = 6 + z — 90° with the horizontal. 

(2) COULOMB’S THEORY.—In this theory it is assumed that there is a wedge having 
the wall as one side and a plane called the plane of rupture as the other side, which exerts a maxi- 
mum thrust on the wall. The plane of rupture lies between the angle of repose of the filling and 
the back of the wall. It may coincide with the plane of repose. For a wall without surcharge 
(horizontal surface back of the wall) and a vertical wall the plane of rupture bisects the angle 
between the plane of repose and the back of the wall. This theory does not determine the direc- 
tion of the thrust, and leads to many other theories having assumed directions for the resultant 
pressure. 

Algebraic Method.—In Fig. 4, the wall with a height 4, slopes toward the earth, being in- 
clined to the horizontal at an angle 6, and the earth has a surcharge with slope 6, which is not 
greater than ¢, the angle of repose. It is required to find the pressure P against the retaining 
wall, it being assumed that the resultant pressure makes an angle z with the back of the wall. 

It is assumed that the triangular prism of earth above some plane, the trace of which is the 
line AE, will produce the maximum pressure on the wall and on the earth below the plane, and 
that in turn the prism will be supported by the reactions of the wall and the earth. Let OW 
represent the weight of the prism ABE, the length of the prism being assumed equal to unity, 
let OP be the reaction of the wall, and OR be the reaction of the earth below. 

Now the forces OW, OP, and OR will be concurrent and will be in equilibrium; OP and OR 
will therefore be components of OW. When the prism A BE is just on the point of moving OP 
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will make an angle with a normal to the back of the wall equal to z (different authorities assume 
values of s from zero to ¢’, the angle of friction of earth on masonry, or ¢; the angle of repose of 
earth); while OR will make an angle with the normal to the plane of rupture A£ equal to ¢. 
Let P represent the pressure OP against the wall, W represent the weight of the prism of earth, 


and w the weight per cu. ft. 
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In the triangle OWR angle WOR = x — ¢, and angle ORW =0+¢+2-—x. 


Through E 


draw EN, making the angle AEN =6+¢6+2-—x with AE. Then the triangle AEN is 


similar to triangle ORW, and 


P _ EN eee 
Wo AN ee 
But W equals w-area triangle ABE = 3w-AB- BE-sin (6 — 6), and 
AB-BE-EN 


P = Zw-sin (0 — 5) PR ees 


(4) 


Now P varies with the angle x, and will have a maximum value for some value of x, which 


may be found by differentiating (4) and placing the result equal to zero. 
‘Differentiating and substituting in (4) and reducing we have 
sin? (@ — ¢) 
Para sin (z + ¢)-sin (¢ — 6) \? 
eint, 6-sin (0-2) ( ; +" (@ + 2)-sin (0 — 8) 
= ly.J2. K 
which is the general formula for the pressure on a retaining wall. 
Now if z in (5) is made equal to ¢’, the angle of repose of earth on the wall, 
sin? (6 — ¢) 
fate ee sin (¢ + ¢’)-sin (6 — 8) \?2 
ome sin@+6) (1 +2 G+ ¢) sn6 = 3) 


which is Cain’s formula (20) in another form. 


P= wi? 


P = hw-l? 


(5) 


(6) 


(7) 


GRAPHIC METHOD. 229 


~ If gin (5) is made equal to 6, and @ made equal to 90°, 


2 
Fatih cos* @ 8 
; cos 5 (1 fy Se ee aay (8) 
cos? 6 
which is Rankine’s formula (2) in another form. 
If z in (5) is made equal to zero, 
P = jw-l? m= #) (9 
F sin ¢-sin (¢ — sasese = 3) : 
oe 1€ + -sin (6 — 4) 
which gives the normal pressure on a wall. 
If 6 in (9) = 90°, 
2 
P = jw? a (10) 
(: ee es) sin (¢ — 6) \? 
cos 6 
If 5in (10) — 0°, 
yer COS 
oe? (1 + sin ¢)?’ 
= }w-h? tan? (45° — 4¢) (11) 
= ly. Losing 
a0 +h I+sing (12) 


which is Rankine’s formula (1) for a vertical wall without surcharge. 

Graphic Method.—lIf the angle z, the angle between the back of the wall and a normal to 
the wall, is known, the resultant pressure on a wall may be calculated by a graphic method, 
Fig. 5, based on the “theory of a wedge of maximum thrust.’’ The graphic method will be 
described—the proof of the method is given in “‘The Design of Walls, Bins and Grain Elevators.” 


In Fig. 5 the retaining wall AB sustains the pressure of the filling with a surcharge 6 and 
an angle of repose ¢. It is required to calculate the resultant pressure P. 

The graphic solution is as follows: Through B in Fig. 5 draw BM making an angle with BF, 
the normal to AD, equal to = 6 + 2 — 90°, the angle that P makes with the horizontal. With 
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diameter AD describe are ACD. Draw MC normal to AD and with A asa center and a radius 
AC describe arc CN. Then AN = y, AM = 6 and y = Vad. Draw EWN parallel to BM. 
With: NV as a center and radius EN, describe arc ES. Then AE is the trace of the plane of 
rupture, and P = area SE N-w. 

Cain’s Formulas.*—Professor William Cain assumes that the angle z is equal to ¢’, the 


angle of friction of the filling on the back of the wall. By substituting in (5) we have for a 
Vertical Wall With Level Surface, 6 = 0. 


aes cos¢ \? I 
IN) wm (See (13) 
where 
= 4/2 (¢ + ¢’)-sin ¢ 
cos ¢’ 
If ¢ = ¢’, then n = Y2 sin ¢, and 
| SP ep ae eS ae 1 
~ ' a (1 + sin ¢¥ 2)? 1) 
¢’ = 0, then 
P= dw? tan? (45° = 2) (15) 
Vertical Wall With Surcharge = 5. 
See cos } y I 
ied wm (4 cos ¢’ Go 
where 
se Ales (¢ + ¢’)-sin (¢ — 8) 
cos ¢’-cos 6 
If 5 = 4, 
= ly. 720084 
P= wh cose (17) 
If ¢’ = 0, and 6 = ¢, 
P = 4w-h?-cos? (18) 
Inclined Wall With Horizontal Surface. 
Pees, Fy sin (@ — ¢) y I 
eee (G +1) sin@/> sin (¢’ + @) (19) 
where 
= Ape (@ + $’)-sin 
sin (¢’ + @)-sin 6 
Inclined Wall With Surcharge = 5. 
ta in Oo I 
erat Pee + 1)-sin 0/7 sin (¢’ + 6) (20) 


where 


oy apes (@ + 4’) :sin (¢ — 5) 
sin (¢’ + 6)-sin (0 — 8) 


Wall With Loaded Filling.—In Fig. 6, the filling is loaded with a uniformly distributed load. 
Calculate h; by dividing the loading per sq. ft. by w. Let h + ma = H, Then the resultant 
pressure for a wall with height H, will be 


P. = tw: H?. K (21) 
and the resultant pressure for a wall with height 1, will be 


Py = 4w-hy-K (22) 


* Professor Rebhann makes the same assumptions and uses the graphic method of Fig. 5. 
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The pressure on the wall AD will be 


P=P;—Pi=}u(—h)K | (23) 
and the point of application is through the center of gravity of ADGE, which makes 


putt Hi? +A-hy — 2h? 
M1 3 H thi (24) 
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Walls With Negative Surcharge.—For the calculation of the pressures on retaining walls with 
negative surcharge, 6 negative, see the author’s ‘‘ The Design of Walls, Bins and Grain Elevators,”’ 
second edition. 

STABILITY OF RETAINING WALLS.—A retaining wall must be stable (1). against 
overturning, (2) against sliding, and (3) against crushing the masonry or the foundation. 

The factor of safety of a retaining wall is the ratio of the weight of a filling having the same 
' angle of internal friction that will just cause failure to the actual weight of the filling. For a 
factor of safety of 2 the wall would just be on the point of failure with a filling weighing twice 
that for which the wall is built. 

1. Overturning.—In Fig. 7, let P, represented by OP’, be the resultant pressure of the earth, 
and W, represented by OW, be the weight of the wall acting through its center of gravity. Then 
E, represented by OR, will be the resultant pressure tending to overturn the wall. 

Draw OS through the point A. For this condition the wall will be just on the point of 
overturning, and the factor of safety against overturning will be unity. The factor of safety 


for E = OR will be 
fo = SW/RW (25) 


2. Sliding.—In Fig. 7 construct the angle H1G equal to ¢’, the angle of friction of the masonry 
on the foundation. Now if E passes through 1, and takes the direction OQ, the wall will be on 
the point of sliding, and the factor of safety against sliding, fs, will be unity. For E = OR, the 
factor of safety against sliding will be 
fs = QM’/RM (26) 
Retaining walls seldom fail by sliding. 

The factor of safety against sliding is sometimes given as 


. F 
te = i tan ¢’. (27) 


where H is the horizontal component of P. Equations (26) and (27) give the same values only 


where the resultant P is horizontal. 

3. Crushing.—In Fig. 7 the load on the foundation will be due to a vertical force F, which 
produces a uniform stress, p1 = F/d,over the area of the base, and a bending moment = /’-0, 
which produces compression, fz, on the front and tension, f2, on the back of the foundation. 


232 RETAINING WALLS. : Cap. V. 


The sum of the tensile stresses due to bending must equal the sum of the compressive stresses, 
= 1d. These stresses act as a couple through the centers-of gravity of the stress triangles on 
each side, and the resisting moment is 


f2.- Fb 
Fb + lyr 
Dy aed ae 
a ie 6 
ac {itl ana a 


’ aes 
6B 
CpeReB flit) 
Fic. 7. 
But the resisting movement equals the overturning moment, and 
ép2'd? = F-b, 
and 
6F-b 
ee - (29) 
The total stress on the foundation then is 
b = pi = fp = pill + 60/4) (30) 


Now if b = 4d, we will have 
p = 2p1, or. 0. 


In order therefore that there be no tension, or that the compression never exceed twice the 
average stress, the resultant should never strike outside the middle third of the base. 

If the resultant strikes outside of the middle third of a wall in which the masonry can take 
no tension, the load will all be taken by compression and can be calculated as follows: 

In Fig. 8 the resultant F will pass through the center of gravity of the stress diagram, and 
will equal the area of the diagram. 


F = $p-a 
and 
oa 
a (31) 


which gives a larger value of p than would be given if the masonry could take tension. 

General Principles of Design.—The overturning moment of a masonry retaining wall of 
gravity section depends upon the weight of the filling, the angle of internal friction of the filling, 
the surcharge, and the height and shape of the wall. The resisting moment depends upon the 
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weight of the masonry, the width of the foundation, and the cross-section of the wall. The most 
economical section for a masonry retaining wall is obtained when the back slopes toward the 
filling. In cold localities, however, this form of section may be displaced by heaving due to the 
action of frost, and it is usual to build retaining walls with a slight batter forwards. The front of 
the wall is usually built with a batter of from 3 in. to 1 in. in 12 in. In order to keep the center 
of gravity of the wall back of the center of the base it is necessary to increase the width of the 
wall at the base by adding a projection to the front side. Where the wall is built on the line 
of a right of way it is sometimes necessary to increase the width of the base by putting the pro- 
jection on the rear side, making an L-shaped wall. The weight of the filling upon the base and 
back of the wall adds to the stability of the wall. Where the wall is built to support an em- 
bankment expensive to excavate, it is often economical to make the wall L-shaped, witb ali the 
projection on the front side. 

In calculating the thrust on retaining walls great care must be exercised in selecting the 
proper values of w and 4, and the conditions of surcharge. It will be seen from the preceding 
discussion that the value of the thrust increases very rapidly as ¢ decreases, and as the surcharge 
increases. Where the wall is to sustain an embankment carrying a railroad track, buildings, 
or other loads, a proper allowance must be made for the surcharge. 

The filling back of the wall should be deposited and tamped in approximately horizontal 
layers, or with layers sloping back from the wall; and a layer of sand, gravel or other porous 
material should be deposited between the filling and the wall, to drain the filling downwards. 
To insure drainage of the filling, drains should be provided back of the wall and on top of the 
footing, and ‘“‘weep-holes” should be provided near the bottom of the wall at frequent intervals 
to allow the water to pass through the wall. With walls from 15 to 25 ft. high, it is usual to use 
“weepers”’ 4 in. in diameter placed from 15 to 20 ft. apart. The ‘‘weepers’’ should be connected 
with a longitudinal drain in front of the wall. The filling in front of the wall should also be 
carefully drained. 

The permissible point at which the resultant thrust may strike the base of the foundation 
will depend upon the material upon which the retaining wall rests. When the foundation is 
solid rock or the wall is on piles driven to a good refusal, the resultant thrust may strike slightly 
outside the middle third with little danger to the stability of the wall. When the retaining wall, 
however, rests upon compressible material the resultant thrust should strike at or inside the center 
of the base. Where the resultant thrust strikes outside of the center of the base, any settlement 
of the wall will cause the top to tip forward, causing unsightly cracks and local failure in many 
_ cases, and total failure where the settlement is excessive. Where extended footings are used it 

may be necessary to use some reinforcing steel to prevent a crack in the footing in line with the 
face of the wall. 

Plain masonry walls should be built in sections, the length depending upon the height of the 
wall, the foundation and other conditions. 

Under usual conditions the length of the sections should not exceed 40 ft., 30 ft. sections 
being preferable, and in no case should the length of the section exceed about three times the 
height. Separate sections should be held in line and in elevation, either by grooves in the masonry 
or by means of short bars placed at intervals in the cross-section of the wall, fastened rigidly in 
one section and sliding freely in the other. The back of the expansion joints should be water- 
proofed with 3 or 4 layers of burlap and coal tar pitch. The burlap should be about 30 in. wide, 
and the pitch and the burlap should be applied as on tar and gravel roofs. The joints between 
the sections of a retaining wall on the front side should be from } to } of an in. in width, and 
should be formed by a V-shaped groove made of sheet steel and fastened to the forms while the 
concrete is being placed. Where there is danger of the water in the filling percolating through 
the wall or in an alkali country, the surface of the back of the wall should be coated with a water- 
proof coating. The most satisfactory waterproof coating known to the author is a coal tar 
paint made by mixing refined coal tar, Portland cement and kerosene in the proportions of 16 
parts refined coal tar, 4 parts of Portland cement and 3 parts of kerosene oil. The Portland 


rc 
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cement and kerosene should be mixed thoroughly and the coal tar then added. In cold weather 
the coal tar may be heated and additional kerosene added-to take account’ of the evaporation. 
This paint not only covers the surface but combines with it, so that two or three coats are some- 
times required. While the surface of the concrete should be dry, coal tar paint will adhere to 
moist or wet concrete. In building retaining walls in sections, the end of the finished section should 
be coated with coal tar paint to prevent the adhesion to the next section. 

For methods of waterproofing masonry, see methods of waterproofing bridge floors in Chap- 
ter IV. 

DESIGN OF RETAINING WALLS.—The design of masonry retaining walls will be 
illustrated by the design of the retaining walls for West Alameda Avenue Subway, taken from 
the author’s ‘‘The Design of Walls, Bins and Grain Elevators,” second edition. 

Design of Retaining Walls for West Alameda Avenue Subway, Denver, Colorado.—The 
height of the walls varied from 8 ft. to 29 ft. 3 in., while the foundation soil varied from a compact 
gravel to a mushy clay. The design of the maximum section, which rests on a compact gravel, 
will be given. The concrete was mixed in the proportion of 1 part Portland cement, 3 parts sand 
and 5 parts screened gravel. Crocker and Ketchum, Denver, Colo., were the consulting engineers. 
The wall is shown in Fig. 9 and in Fig. 10. 

The following assumptions were made: Weight of concrete, 150 lb. per cu. ft.; weight of 
filling, w = 100 lb. per cu. ft.; angle of repose of filling, 13 : I (¢ = 33° 40’); surcharge, 600 lb. 
per sq. ft., equivalent to 6 ft. of filling; maximum load on foundation, 6,000 Ib. per sq. ft. 

Solution.—After several trials the following dimensions were taken: Width of coping 2 ft. 
6 in., thickness of coping I ft. 6 in., batter of face of wall 4 in. in 12 in., batter of back of wall 
33 in. in 12 in., width of base 15 ft. 23 in. (ratio of base to height = 0.52), front projection cf 
base 4 ft., other dimensions as shown in Fig. 9. The calculations were made for a section of the 
wall one foot in length. 

The property back of the wall will probably be used for the storage of coal, etc., and it was 
assumed that the surcharge came even with the back edge of the footing of the wall. The resultant 
pressure of the filling on the plane A—2 was calculated by the graphic method of Fig. 5 and Fig. 6, 
and was found to be P’ = 17,290 lb. The weight of the filling in the wedge back of the wall is 
W’ = 16,435 lb., acting through the center of gravity of the filling. The resultant of P’ and 
W’ is P = 23,850 lb. = the resultant pressure of the filling onthe back of the wall. The weight 
of the masonry is W = 33,144 lb., acting through the center of gravity of the wall, and the re- 
sultant of P and W is E = 52,510 lb. = the resultant pressure of the wall and the filling upon 
the foundation. The vertical component of His F = 49,580 lb., and cuts the foundation, 6 = 2.1 
ft. from the middle. : 

1. Stability Against Overturning.—The line OD in this case is nearly parallel to the line OW 
which brings the point S in Fig. 9 at a great distance from the point W. The factor of safety 
against overturning was calculated on the original drawing and found to be fo > 25. 

2. Stability Against Sliding.—The coefficient of friction of the masonry on the footing will 
be assumed to be tan ¢’ = 0.57 and ¢’ = 30°. Through O, Fig. 9, draw OQ, cutting the base of 
wall 5A at 6, and making an angle ¢’ = 30° with a vertical line through 6. Then the factor of 
safety against sliding will be 

fe = OM'/RM = 2.5 


This is ample as the resistance of the filling in front of the toe will increase the resistance 
against sliding. 

3. Stability Against Crushing.—In Fig. 9 the direct pressure will be p1 = 49,580/15.21 
= 3,220 lb. per sq. ft. 

The pressure due to bending will be 
po = + 6F-b/d? = * (6 X 49,580 X 2.1)/231.4 = + 2,700 lb. per sq. ft., and the maximum - 
pressure is 

P = 3,220 + 2,700 = + 5,920 lb. per sq. ft. 


DESIGN OF RETAINING WALLS. 235 
and the minimum pressure is 
P = 3,220 — 2,700 = + 520 lb. per sq. ft. 
The allowable pressure was 6,000 Ib. per sq. ft., so that the pressure is safe for a compact gravel. 


Where the walls were supported on the mushy clay it was necessary to extend the projection of 
the footing on the front side and to bring the resultant F to the center of the wall. 
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Fic. 9. RETAINING WALL, WEsT ALAMEDA AVENUE SUBWAY. 


4. Upward Pressure on Front Projection of Foundation.—Where projections are used on the 
foundations of retaining walls it may be necessary to reinforce the base to prevent the projection 


breaking off in line with the face of the wall. The bending moment of the upward pressure about 
the front face of the wall from Fig. 9 is 


M 


2(5,920 + 4,120) X 4 X 2.1 X 12 
506,000 in-Ib. 


The tension on the concrete at the bottom of the footing will be 


f 


M:-c/I = M-d/2I = (506,000 X 27)/157,464 
88 Ib. per sq. in. 


Since the ultimate strength of the concrete in tension is approximately 200 Ib. per sq. in., 


‘ 


236 : RETAINING WALLS. Cuap. V. 


no reinforcing is required. However, ?in. O bars were placed 18 in. centers and 3 in. from the 
bottom of the foundation. 

Data.—The coefficients of friction of various materials are given in Table I. The angles of 
repose of different materials are given in Table IJ. The conditions of surface and amount of 
moisture cause wide variations in the coefficients. Additional data for the design of retaining 
walls are given in Tables III to VI. 


TABLET. ; 


COEFFICIENTS OF FRICTION. 


Materials. Coefficients. Materials. Coefficients. 


Dry masonry on dry masonry..... Masonry on dry clay 0.5 to0.6 

Masonry on masonry with wet Masonry on moist clay 0.33 
MMORUALA Siteics ie ee icieusne tiatoeus ete] O8 Earth on earth 0.25 to 1.0 

dhimber OnvstOne’s sac. 1s +0 eee «2 5 | Os 0.7 

ironmontstoness)-ye et seas. eee |, Os : Concrete 

pbimbe mong be fevers Geis ae fur O : blocks 0.65 


TABLE II. 


ANGLES OF REPOSE, ¢, FOR MATERIALS. 
Materials. ¢ Materials. ? 


arth sloamiupectack sete caves a 45 (030° tongs? =|. Clay ® a: Gaaele tesa rare neers Ont 
Sand, dry. Feta oss. | 25° to. 35°. | Gravel an. 5 hee ae eee Ee Oo OR Om 
Sand, moist 30° to 45° | Cinders J.-S de ee ae OR Omar 
Sand, wet 15° to-30° «| =Coke.... 7 oe 30° to 45° 


TABLE ITI. 
ALLOWABLE PRESSURE ON FOUNDATIONS. 


Material. Pressure in Tons per Sq. Ft. 
SOntuc lassen d peter era ete are a aiduers, athe Wank we aeons Mathys Ree I to2 
Ordinary; clay, and dry sand mixed with clay. ..... 0.44 00.00. +s 00m 2 to 3 
Dry sand and clay 3 to 4 
Hard clay and firm, coarse sand : 4 to 6 
HilrimynCOATSeLSANGrandceraviel anim. ca a2 casas ss Ce cakes acon cia | Sine 6 to 8 
Bedsrock Pe merit ns abe litomee ee catia sacenieet seenee 15 and up. 


TABLE IV. 


ALLOWABLE PRESSURE ON MASONRY. 


Materials. Pressure in Tons per Sq. Ft. 


@ommonbrick,s-ortland cement mortars... ss<4\- 0 «ascent 12 
Paving brick, Portland cement mortar.... as 15 
Rubble masonry, Portland cement mortar af 12 


Sandstone, first class masonry..... .... 20 
Limestone, first class masonry Ratu 25 
Granite, first class masonry ah nats toe oged base oaees 30 
Portland cement concrete, I-2-4 ae 25 
Portlandgcement concrete; t=3=6. <:,... ie oe sins manele ee 20 


EXAMPLES OF RETAINING WALLS. 237 


TABLE V. 
WEIGHT, SPECIFIC GRAVITY AND CRUSHING STRENGTH OF MASONRY. 


Weight in Pounds 
per Cubic Foot. 


Crushing Strength in 
Pounds per Square Inch. 


Specific Gravity. 


BPBOGUON GN s Peisremis- ot We oo Gy usin eae. 150 2.4 4,000 to 15,000 
LARTSSUOINS fe a aah Oc eee ee eee 160 2.6 6,000 to 20,000 
Ineo, Aaa ts N= 2 ra Sree 180 2.9 19,000 to 33,000 
Beers ies ie ESN WF los w sive’ ow aes 165 7) 8,000 to 20,000 
OS 8 Ee ioe ne ee 165 2.7 8,000 to 20,000 
Paving brick, Portland cement..... age 150 2.4 2,000 to 6,000 
Stone concrete, Portland cement....... 140 to 150 2.2 to 2.4 2,500 to 4,000 
Cinder concrete, Portland cement...... 112 1.8 1,000 to a 500 


TABLE VI. 
WEIGHT OF DIFFERENT MATERIALS. 


Materials. Wt. per Cu. Ft., Lb. Materials. Wt. per Cu. Ft., Lb. 


75 to 90 tsi Pir frat st Samat 110 to 120 


go to 100 120 to 135 
go to 110 105 to 120 


For specifications for concrete, plain and reinforced, see Chapter VI. 

EXAMPLES OF RETAINING WALLS.—Details of six masonry retaining walls with a 
gravity section are given in Fig. 10. These retaining walls represent the best practice. Details 
of four reinforced concrete retaining walls are given in Fig. 11. For additional examples see 
the author’s “The Design of Walls, Bins and Grain Elevators.” 

The contents of standard concrete retaining walls, as designed by the Illinois Central Rail- 
road, are given in Fig. 12. 

Concrete Retaining Walls. Methods of Constructing Forms.—Forms for a retaining wall 
may be built in sections, or may be built up each time they are used. /The former method is 
much the cheaper, especially for plain concrete walls where the sections between expansion joints 
are of equal length. The forms used on the C. B. & Q. R. R. walls shown in Fig. 13 are shown 
in Fig. 14. The studs, coping and bottom forms for the face, and the back forming are sectional, 
while ordinary sheeting is used between the coping and bottom forms. No attempt was made 
to use sectional forms on the face of the wall, because the sections soon become badly warped, 
making a rough wall. The concrete had a tendency to lift the forms and they were tied to bars 
imbedded in the footings as shown. The sectional forms were 12 ft. 0 in. long, while the studs 
were spaced 3 ft. 0 in. center to center. 

The forms for the Illinois Central R. R. retaining wall shown in Fig. 10 are shown in Fig. 15. 
The forms were built in sections 54 ft. long. The forms were cross-braced by { in. rods spaced 
7 ft. 84 in. center to center as shown. When the forms were taken down the ends of these rods 
were unscrewed, the main portion of the rod being left in the wall. The forms were made of 
2 in. plank surfaced on the inside. 

The forms used by the Chicago and Northwestern Ry. on track elevation in Chicago are 
shown in Fig. 16. The forms were built in sections 35 ft. long. The 2 in. X 8 in. braces were 
used to hold the sides of the forms apart and were removed as the concrete was put in place. The 
2 in. pipe used to cover the rod bracing was old boiler flues and rejected pipe. 

Ingredients in Concrete.—The proportions of concrete materials should be stated in terms 
of the volume of the cement. The volume of one barrel or four bags of cement is taken as 3.8 
cu. ft., and the sand and aggregate are measured loose. Concrete mixed one part cement, 2 parts 
sand, and 4 parts stone is commonly called 1: 2: 4 concrete. The proportions should be such 
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that there should be more than enough cement paste to fill the voids in the sand, and more than 
enough mortar to fill the voids in the stone. With voids in sand and stone varying from 40 to'45 
per cent, the quantities of the ingredients are closely given by Fuller’s rule, where 


c = number of parts of cement; 
s = number of parts of sand; 
g = number of parts of gravel or stone. 
Then re a3 = p = number of barrels of Portland cement required for one cu. yd. concrete. 
c+st+g 
ix 2S oe number of cu. yd. sand required for one cu. yd. concrete. 
2 
px ae 3:° — number of cu. yd. gravel or stone required for one cu. yd. concrete. 
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H= HEIGHT, TOP OF WALL TO GROUND 


Fic. 12. CONTENTS OF CONCRETE RETAINING WALLS, ILLINOIS CENTRAL RAILROAD. 


The materials for one cu. yd. of 1 : 2 : 4 concrete will then be: Portland cement 1.57 barrels, 
sand 0.44 cu. yd., gravel or stone 0.88 cu. yd. 

The proportions for plain walls commonly vary from 1 : 23:5 to 1: 3:6, while the pro- 
portions for reinforced walls vary from 1: 2:4 to 1:23:5. 

Mixing and Placing Concrete——For mixing concrete a batch mixer in which the materials 
can be definitely proportioned and thoroughly mixed is to be preferred. In cold weather the 
concrete materials should be heated by the addition of boiling water to the mixer. To prevent 
scalding the cement the sand, aggregate and hot water should first be placed in the mixer and, 
after giving it several turns to remove the frost, the cement should be added and the mixing 
completed. 

The author uses the following specifications for placing concrete in cold or freezing weather. 
“When the temperature of the air during the time of mixing and placing is below 40° Fah. the 
water used in mixing the concrete shall be heated to such a temperature, that the temperature 
of the concrete when deposited in the forms shall not be less than 60° Fah. Care shall be used 
not to scald the cement.” 

Where the wall is in a cut and the materials can be delivered on the bank, the mixer may be 
installed on the bank above and the concrete wheeled or chuted to place. Concrete should not 
be chuted in freezing weather. In building the West Alameda Avenue Subway retaining walls, 


SPECIFICATIONS FOR CONCRETE RETAINING WALLS. 241 


Denver, Colo., the gravel and sand were taken from the cut, the concrete was mixed in mixers 
installed at the foot of movable towers, and the concrete was raised in a skip elevator and chuted 
into place. 

On railroad work the mixer may be mounted on a flat car, the materials may be delivered on 
other cars, and the concrete is dumped or chuted directly into place. 
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SPECIFICATIONS FOR CONCRETE RETAINING WALLS.—The following extracts 
have been taken from the specifications prepared by Crocker and Ketchum, Consulting Engineers, 
for the concrete retaining walls for the West Alameda Avenue Subway, Denver, Colo. 


16. MATERIALS. Cement.—The cement shall be furnished by the Companies on board 
cars or in store houses at the site of the work as required. The cement shall be Portland, and 
shall meet the requirements of the Standard Specifications of the American Society for Testing 
Materials. 

17. Concrete Aggregate.—The fine aggregate shall pass a screen with } in. mesh, while the 
coarse aggregate shall all be retained on a screen with { in. mesh and all shall pass a screen with 
3 in. mesh. The sand and gravel shall be obtained from the excavation of the open cut of the 
Subway. The Consulting Engineers reserve the right to change the proportions of sand and 
screened gravel (§34 and §35) from time to time, as may be necessary to secure a dense concrete 
of desired consistency. Payment to the Contractor for the screening will be made on the basis 
of unit price per cubic yard of gravel measured after screening. 

18. Water.—The water used in mixing concrete shall be clean and reasonably clear, free 
from acids and injurious oils, alkalies or vegetable matter. ; 2 

19. Lumber.—Lumber for forms shall have a nominal thickness of 2” before surfacing, and 
shall be of a good quality of Douglas fir or Southern long leaf yellow pine. Lumber used for 
forms of face work shall be dressed on one side and both edges to a uniform thickness and width. 
Lumber for backing and other rough work may be unsurfaced and of an inferior grade of the 

i ove specified. : 
eee piicrcne Steel.—All reinforcing steel shall be plain bars, and shall comply with the 
specifications for structural steel as given in the Standard Specifications of the American Railway 

i i ciation. 
Diao ESCAVATION.—The subway is being excavated by the Companies but the contractor 
shall make all necessary excavations for wall and pedestal footings, and shall furnish all necessary 
sheeting and supports and bracing to hold the forms in place during the construction of the work. 
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The cost of the necessary sheeting and supports shall be included in the unit price for excavation. 
The Contractor shall provide all pumps and other equipment incidental to such excavation. 

22. All excavation shall be measured in vertical prisms whose end areas are of sufficient 
size to include the footing courses, and the sheeting surrounding the same. ‘‘Wet excavation” 
shall include all excavation below the surface of standing water in open pits. 

23. CONCRETE. Machine Mixing.—Machine mixers, preferably of the batch type, shall 
be used except where the volume of concrete to be mixed is not sufficient to warrant their use. 
The requirements are that the product delivered shall be of the specified proportions and con- 
sistency, and thoroughly mixed. : 


re 
ww “ we FREES ASE 
N 
ve Lap oy: 
NY 
yo k 
rae y 
/ 
oy 
x v Nl 
wy, —+>4 
SI --4-8 
SS 
XN 
% 
eee 
os q 4 
I 
OSs / x 
Wo- 
\ 
\ 
‘ 


4 
“4 


By 


Y 


Scene Grain Oy aan WO (Sores Sea nes Swe se crew maa = 
46 


: “4 ; 

Washer | § ,- brace 3*6 
NA 4 

: 48'S y «a—t- Ss 
} J SI, Rola > = 3 


: aes oncrere fooring oy: 


Fic. 15. Forms For ILLINOIS CENTRAL Fic. 16. Forms ror C. & N. W. Ry. 
R. R. RETAINING WALL. RETAINING WALL. 


24. Mixing by Hand.—When it is necessary to mix by hand the mixing shall be done on water 
tight platforms of sufficient size to accommodate men and materials for the progressive and 
rapid mixing of at least two batches of concrete at the same time. Batches shall not exceed one- 
half yard. The mixing shall be done as follows: The fine aggregate shall be spread evenly upon 
the platform, then the cement upon the fine aggregate and these mixed thoroughly until of an 
even color. Then add the coarse aggregate which, if dry, shall first be thoroughly wet down. 
The mass shall then be turned with shovels until thoroughly mixed and all the aggregate covered 
with mortar, the necessary amount of water being added as the mixing proceeds. 

25. Consistency.—The material shall be mixed wet enough to produce a concrete of such 
consistency that it will flow into the forms and about the metal reinforcement, and which on the 
other hand can be conveyed from the place of mixing to the forms without the separation of the 
coarse aggregate from the mortar. 4 

26. Retempering.—Retempering mortar or concrete, i. e., remixing with water after it has 
partially set will not be permitted. 
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27. Placing of Concrete.—Concrete after the addition of water to the mix, shall be handled 
rapidly from the place of mixing to the place of final deposit, and under no circumstances shall 
concrete be used that has partially set before final placing. 

28. The concrete shall be deposited in such asmanner as will prevent the separation of the 
ingredients and permit the most thorough compacting. It shall be compacted by working with 
a straight shovel or slicing tool kept moying up and down until all the ingredients have settled 
in their proper place, and the surplus water is forced to the surface. All concrete must be de- 
posited in horizontal layers of uniform thickness throughout. Temporary planking shall be placed 
at ends of partial layers so that the concrete shall not run out toa thin edge. In placing concrete 
it shall not be dropped through a clear space of over 6 ft. vertical. For greater heights a trough 
or other suitable device must be used to deliver the concrete in place, and in depositing each 
batch this trough or other device must first be carefully filled with concrete and then as fast as 
concrete is removed at the bottom it shall be replenished at the top. 

29. The work shall be carried up in alternate sections of approximately 32 ft. in length as 
shown on the plans, and each section shall be completed without intermission. In no case shall 
work on a section stop within 18 in. of the top. 

30. Before depositing concrete, the forms shall be thoroughly wetted, except in freezing 
weather, and the space to be occupied by the concrete cleared of debris., 

31. Expansion Joints.—Expansion joints shall be provided (sections were approximately 
32 ft. long) as shown on the plans. The wall shall be constructed in alternate sections, the ends 
of the sections being formed by vertical end forms, the section being completed as though it were 
the end of the structure. Before placing the remaining sections the end forms shall be removed 
and the surface of the concrete shall be painted with coal tar paint, composed of sixteen (16) 
parts coal tar, four (4) parts Portland cement and three (3) parts kerosene oil. The expansion 
joints shall be finished on the exposed side by the insertion in the forms of a metal mold that will 
give a groove { in. wide, I in. deep and shall have a draft of 1 in. The wall sections shall be 
locked together by means of bars as shown on the plans. 

32. Forms.—Forms shall be substantial and unyielding and built so that the concrete shall 
conform to the design, dimensions and contours, and so constructed as to prevent the leakage of 
mortar. Where corners of the masonry and other projections liable to injury occur, suitable 
moldings shall be placed in the angles of the forms to round or bevel them off. Material once 
used in forms shall be cleaned before being used again. 

33. The forms must not be removed within 36 hours after all the concrete in that section 
has been placed; in freezing weather they must remain until the concrete has had sufficient time 
to become thoroughly set. 

34. Proportioning.—In proportioning concrete, a barrel or 4 sacks of Portland cément shall 
be assumed to contain 3.8 cu. ft., while the sand and gravel shall be measured loose in a measuring 
vessel. The proportions required for concrete are as follows: 

For footings, walls of retaining walls, abutments, and pedestals, one (1) part Portland cement, 
three (3) parts sand and five (5) parts gravel. For bridge seats and copings, one (1) part Portland 
cement, two (2) parts sand and four (4) parts gravel. 

35. The tops of the bridge seats, pedestals, and copings, shall be finished with a smooth 
surface composed of one (1) part Portland cement and two (2) parts sand applied in a layer 1 in. 
thick. This must be put in place with the last course of concrete. : 

36. Water-Proofing.—The expansion joints in the retaining walls and abutments shall be 
water-proofed as follows: After the forms have been removed and the concrete is thoroughly 
dried, the back of the wall for a distance of 18 in. on each side of the expansion joints shall be 
mopped with hot refined coal tar pitch. A layer of burlap shall then be placed so as to cover the 
expansion joints, and the burlap shall be mopped with coal tar pitch. In the same manner two 
additional layers of burlap shall be applied, making a 3-ply water-proofing. 

37. Reinforcing Bars.—Reinforcing bars, where used, shall be placed 3 in. clear from the 
outside surface of the concrete, and shall be placed in the position shown on the plans. Care 
must be taken to insure the coating of the metal with mortar, and a thorough compacting of 
concrete around the bars. All reinforcing bars shall be clean and free from all dirt or grease. 

38. Freezing Weather.—Concrete shall not be mixed or deposited at a freezing temperature, 
unless special precautions are taken to avoid the use of materials containing frost or covered 
with ice, and means are provided to prevent the concrete from freezing. Where the temperature 
of the air during the time of mixing and placing concrete is below 40° Fahr. the water used in 
mixing the concrete shall be of such a temperature, that the temperature of the concrete when 
delivered in the forms shall not be lower than 60° Fahr. Special precautions shall be taken not 
to scald the cement. 

39. Placing in Water.—Concrete shall not be deposited under water except on the approval 
of the Consulting Engineers. Where water is encountered without current, but in such quantity 
that it cannot be lowered to the required depth and maintained there, or where such lowering 
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would cause further difficulty, concrete may be deposited through troughs or other device in the 
manner designated above. 

40. Cleaning Up.—Upon the completion of any section of the work the Contractor shall 
remove all debris caused by his operations and leave the work ready for backfilling. 


REFERENCES.—For the design of reinforced concrete retaining walls, examples of plain 
and reinforced concrete retaining walls, details of construction, and the theory of reinforced 
concrete, see the author’s ‘‘The Design of Walls, Bins and Grain Elevators.”” For a discussion of 
the theory of the pressures in granular materials and semi-fluids, see Chapter VIII, Bins, and 
Chapter IX, Grain Elevators; also see the author’s ‘‘The Design of Walls, Bins and Grain Ele. 
vators.”’ 


CHAPTER VI. 
BRIDGE ABUTMENTS AND PIERS. 


Introduction.—An abutment is a structure that supports one end of a bridge span and at the 
same time supports the embankment that carries the track or roadway. An abutment also 
usually protects the embankment from the scour of the stream. 

A pier is a structure that supports the ends of two bridge spans. Piers must be designed 
so as not to interfere with the flow of the stream, and care must be used to prevent undermining 
the pier by the scour of the stream. 

TYPES OF ABUTMENTS.—Masonry abutments may be classified under four heads, 
Fig. 1, (a) straight or ‘“‘stub” abutments; (b) wing abutments; (c) U abutments; (d) T abutments. 

(a) The standard straight abutment of the N. Y. C. & H. R. R. R., shown in Fig. 1, is an 
excellent example of an abutment of this type. The earth fill is allowed to flow around the ends 
of the abutment as shown. Straight abutments should not be used where the water will wash 
the fill away. : 

(b) A standard wing abutment of the N. Y. C. & H. R. R. R. is shown in Fig. 1. The length 
of the wings is determined by the width of the roadway, the allowable slope of the sides of the 
embankment and the angle of the wings. The angle that the wings make with the face of the 
abutment ordinarily varies from 30 degrees to 45 degrees for standard conditions. For skew 
bridges and for unusual conditions the angle of the wing is variable. 

(c) A standard U abutment of the N. Y. C. & H. R. R. R. is shown in Fig. 1. This is a 
wing abutment with the wings making an angle of 90 degrees with the face of the abutment. 
The wings are tied together by means of old railroad rails as shown. The wing walls run back 
into the fill, which flows down in front of the wings. If the slope is liable to be washed away by 
the scour of the stream the wings should be extended farther into the bank. 

(d) A standard T abutment of the South Bend and Michigan Southern Railway for a skew 
span is shown in Fig. 1. The T abutment is essentially a straight abutment with a stem running 
back into the fill; the stem carries the roadway, supports the abutment, and prevents water from 
finding its way along the back of the abutment. A T abutment may be considered as a U abut- 
ment with the two wings in one. 

STABILITY OF BRIDGE ABUTMENTS WITHOUT WINGS.—A bridge abutment 
must be stable (1) against overturning, (2) against sliding, and (3) against crushing the material 
on which the abutment rests, or the masonry in the abutment. The problem of the design of a 
bridge abutment is essentially the same as the design of a retaining wall, for which see Chapter V. 
The method of design will be shown by giving the calculations for a straight concrete abutment 
for West Alameda Avenue Subway, Denver, Colo. 

Design of Concrete Abutment for West Alameda Avenue Subway, Denver, Colorado.—The 
height of the abutment is 21 ft. 6 in. from the bottom of the footing to the top of the bridge seat, 
and 25 ft. 02 in. to the top of the back wall. The following assumptions were made: Weight of 
concrete, 150 lb. per cu. ft.; weight of filling, w = 100 lb. per cu. ft.; angle of repose of the filling, 
14 to I (6 = 33° 42’); surcharge 800 lb. per sq. ft., equivalent to 8 ft. of filling; maximum load 
on foundation 6,000 lb. per sq. ft. 

Solution.—After several trials the dimensions given in Fig. 2 were taken. The stability of 
the abutment was investigated for two conditions: (a) with a full live and dead load on the bridge 
and on the filling, and (0) with no live load on the bridge and no surcharge coming on the filling 
above the wall, it being assumed that a locomotive is approaching the bridge from the right, and 
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be tan ¢’ = 0.57. 
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has reached the point 2 in (0), Fig. 2. The weight of the girders and the live load was assumed as 
uniformly distributed over a length of the abutment equal to the distance between track centers, 
and one lineal foot of wall was investigated. 

Case (a).—The pressure of the filling on the plane B-2 was calculated as in Chapter V, 
Fig. 9, and is P’ = 14,700 lb., acting through the center of gravity of the trapezoid 2-3-4-B. 
The weight of the filling and surcharge is Wz + W3 = 14,900 lb., which when combined with P’ 
gives the resultant pressure of the filling on the wall = P = 20,900 lb. The pressure P is then 
combined with the weight of the wall, W: = 29,800 lb., and with the dead load and live load 
from the girder = 12,820 Ib., giving the resultant pressure on the foundation, E = 59,400 |b., 
and acting, 6 = 1.4 ft. from the center of the wall, and F = 57,500 lb. 


1. Stability Against Overturning—The resultant E is nearly vertical and well within the 
middle third, so that the wall is amply safe against overturning. 
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ABUTMENT FOR WEST ALAMEDA AVENUE SUBWAY, DENVER, COLO. 


2. Stability Against Sliding—Assuming that ¢’ = 30°, then the coefficient of friction will 
Using the definition of factor of safety given in equation (27) Chapter V, the 

resistance of the wall against sliding will be 57,500 X 0.57 = 32,765 lb. The sliding force is 

= 14,700 lb., and the factor of safety is 32,765/14,700 = 2.23, which is ample. 

3. Pressure on Foundation.—The pressure on the foundation will be p = F/d + 6F-b/d? 

= + 5,740 and + 1,700 lb. per sq. ft., which is safe. ; , 

4. Upward Pressure on Front Projection of Foundation.—The base will be investigated on 

the plane 7-8 to see that the upward pressure will not break off the front projection of the founda- 

tion. The bending moment of the upward pressure about the front face of the wall in (a), Fig. 2, 


will be 
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M = 3(5,740 + 4,690)4 X 2.1 X 12 


525,672 in-lb. 


The tension on the concrete at the bottom of the footing will be 


fez M:-c __M-d _ 525,672 X 27 
oy eee | 157,464 
= 92 lb. per sq. in. 


The footing is safe, but 2 in. O rods were placed 18 in. centers and 3 in. from the bottom of 
the foundation. 

Case (b).—The solution is the same as for (a) except that the live load from the girder = 9,980 
lb., and the surcharge load 1-2-5-6 = W3 = 6,620 lb. were omitted. The wall is safe for over- 
turning. The factor of safety against sliding is from equation (27) Chapter V, fs = 41,500 
X 0.57/14,700 = 1.6, which is safe. The pressure on the foundation is safe. 

The back wall was placed after the bridge seats were finished. To bond the back wall to 
the abutment, } in. O rods 4 ft. long, spaced 18 in. centers, were placed in two rows 3 in. from 
the back and front face, one-half of the length of the rod being imbedded in the main wall. 

PRINCIPLES OF DESIGN.—To prevent tension on the back side of the footing and to 
make sure that the maximum compression on the front side of the footing shall not be greater 
than twice the average pressure, the resultant of the thrust of the filling, the weight of the masonry, 
the weight of the bridge and the live load must strike within the middle third of the base. Where 
the abutment rests on rock or solid material where settlement will not occur, it will not be serious 
if the resultant strikes a little outside of the middle third, providing the allowable pressure on the 
foundation is not exceeded. When the abutment is on compressible material where settlement 
will take place, the resultant of the pressures should strike at or back of the center of the base, so 
that the abutment will not tip forward in settling. It is standard practice to use piles in the 
foundation for abutments resting on compressible soil. 

For the design of wing walls see the design of Retaining Walls, Chapter V. 

In addition to the requirements for stability abutments should satisfy the following additional 
requirements. 

(a) The abutment should protect the bank from scour. (6) The abutment should prevent 
the embankment drainage from washing away the bank. (c) The abutment should be easily 
drained. 

Empirical Design.—A common rule is to make the minimum thickness of the main part of 
the abutment not less than 7g the height above any section; and project the footings on each 
side as may be required. Empirical methods of design often give unsatisfactory results and are 
not to be recommended. 

DESIGN OF BRIDGE PIERS.—Bridge piers must be designed (1) for the total vertical 
load due to the dead load of the span and the live load on the span, and the weight of the pier; 
(2) for wind pressure on the pier and the bridge; (3) to withstand floating drift and ice; and (4) 
to take the longitudinal thrust due to stopping a car or train on the bridge, and due to temperature 
when the rollers do not move freely. The wind pressures are calculated as specified in speci- 
fications for bridges, and are assumed to act in the vertical line of the center of the pier; on the 
top chord of the truss; the bottom chord of the truss; 6 or 7 feet above the base of the rail; and at 
the center of gravity of the exposed part of the pier. The total wind moment is then calculated 
about the leeward edge of the base of the pier, and the maximum stresses on the foundation due 
to direct.load and wind are calculated in the same manner as the calculation of the pressures of 
abutments. 

The effect of the current of the stream and of floating ice and drift are difficult to calculate. 
The pressure of a flowing stream on an obstruction is given by the formula 


2 
P= M*Wae u 
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where P = the total pressure on the surface; m =a constant; w = weight of a cubic foot of 
water; @ = area of wetted surface normal to the current in square feet; v = velocity of current 
in feet per second; and g = acceleration due to gravity = 32.2 feet. The value of m varies with 
the shape and the dimensions of the pier. Weisbach’s Mechanics gives the following data:— 
For a prism three times as long as broad, m = 1.33. For a pier five or six times as long as broad 
and with a cutwater having plane faces and an angle of 30 degrees between the cutwater faces, 
m = 0.48. For a square pier, m = 1.28, and for a circular pier, m = 0.64. 

The maximum pressure due to floating ice will be the crushing strength of the ice, which 
varies from 400 to 800 lb. per sq. in. The principal danger from floating ice and drift is that 
the current of the stream will be deflected downward and will gouge out the material around 
and under the pier and cause failure. To prevent this it is quite common to build piers with a 
“Dreak-water,”’ “‘starkwater,” ‘‘cutwater,” or nose that will deflect drift and ice, or to put in a 
pile protection on the upstream side of the pier. If the water can get under the pier the buoyancy 
of the water must be considered in calculating the stability of the pier. If there is danger of 
scouring then it is well to deposit large stones and riprap around the base of the pier. 

Batter.—Piers and abutments are seldom battered more than one inch to one foot of vertical 
height, or less than one-half inch to the foot, although high piers are sometimes battered only 
one-fourth inch to one foot. 

ALLOWABLE PRESSURES ON FOUNDATIONS.—The allowable pressures on founda- 
tions depend upon the material, the drainage, the amount of lateral support given by the adjacent 
material, the depth of the foundation, and other conditions, so that it is not possible to give data 
that will be more than an aid to the judgment. If properly designed a moderate settlement of 
some particular structure may do no harm, while a less settlement in another structure may be 
disastrous. Professor I. O. Baker gives the values in Table I in his ‘‘ Masonry Construction.” 


TABLE I. 
SAFE BEARING POWER OF SOILS.* 


Safe Bearing Power in Tons per Square Foot. 


Kind of Material. 


Rock hardest in thick layers in bed 
Rock equal to best ashlar masonry 
Rock equal to best brick 
Rock equal to poor brick 


Clay in thick beds, always dry 

Clay in thick beds, moderately dry 

Clay soft 

Gravel and coarse sand, well cemented 

Sandicompactiand well cemented). sa. j ecm... ace ene 
Sand clean, dry 

Gineksandeallivaaltsouss LCs. sits ape cc) ec so spon evan nse 


Present practice is more nearly given by the values in Table II. Foundations should never 


be placed directly on quicksand. 
TABLE II. 


ALLOWABLE BEARING ON FOUNDATIONS. 


Kind of Material. Tons per Square Foot. 


Soft clay or loam 
Wrcinanvmclayadncianyasandemixed With CLAY. p..02 0 <.- vie oie sie 0 asin ole sioielels ia se sieue 


Dine gail emre! Ghar Ny 206s chee ce SOE Ce CCe eI ani enC serene Stee eek 
Hard clay and firm, coarse sand 

Firm, coarse sand and gravel 

Shale rock 

Hard rock 


* Baker’s “‘ Masonry Construction,” John Wiley & Sons. 
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Mr. E. L. Corthell gives the summary of the pressures on deep foundations in Table III. 


TABLE III. 
ACTUAL PRESSURES ON DEEP FOUNDATIONS.* 


Actual Pressures which Showed No Settlement. 


Number of Pressure in Tons per Square Foot. 
Material. 


Examples. 


Maximum. Minimum. Average. 


lithe seliatals ig ao an es Geka geese 10 ; : : 4.5 
Coarse sand and gravel..... 33 I 
Sandvand clayey cpus sale 10 2 9 
Allayiumy and silt /o2o%.0-. «> ay F : 9 
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Actual Pressures which Showed Settlement. 


imesSanG ac * ils cmciscere ns oe 
Clay eee Bote ee mete as 
Alluvaum-andisiltis: s228 2... 
andeandclayineyaeier tate = yee 


The data in Table III shows that great care must be used in determining on the allowable 
pressure for any particular foundation, and that safe values for the bearing power of soils should 
only be used as an aid to the judgment of the engineer. 

WATERWAY FOR BRIDGES.—The clear waterway for bridges should be ample; great 
care should be used to prevent floating logs and debris from clogging up the opening. The neces- 
sary waterway depends upon the character and sizeof the runoff area, the slope and size of the stream 
and upon other local conditions. The ‘‘Dun Drainage Table,’’ Table IV, will be of assistance in 
assisting the judgment of the engineer in determining on the proper waterway for any bridge. 

Many formulas have been proposed for determining the waterway of culverts and bridges. 
The formula best known to the author is that proposed by Professor A. N. Talbot. It is 


Fy a 
A=cV M3 
where A = area of the required opening in sq. ft.; 
M = area of drainage basin in acres; 
c = a coefficient varying with the slope of the ground, slope of the drainage area, character 


of the soil and character of vegetation. 

Professor Talbot gives the following values of c:c = 3 to 1 for steep and rocky ground; 
c = + for rolling agricultural country, subject to floods at times of melting snow, and with the 
length of valley 3 to 4 times its width; c = } to % for districts not affected by accumulated snow 
and where the length of the valley is several times its width. 

PREPARING THE FOUNDATIONS.—tThe preparation of the site of the abutment or 
pier will depend upon the conditions and character of the material. 

Rock.—Where the water can be excluded, the rock should be cleared of all overlying material 
and disintegrated rock. The surface is then leveled up either by cutting off the projections or 
by depositing a layer of concrete. 

Hard Ground.—The material should be excavated well below the frost and scour line. Where 
the foundations cannot be carried low enough to prevent undermining, piles should be driven at 
about 23 to 3 ft. centers over the foundation. 


* “ Allowable Pressures on Deep Foundations”’ by E. L. Corthell, John Wiley & Sons. 
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TABLE IV. 
THE Dun DRAINAGE TABLE.* 
Atchison, Topeka & Santa Fe Railway System. 
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The above classification by states is for convenience only, and merely denotes the general characteristics of 


topography and rainfall. 

Column 2 in this table is prepared from observations of streams in Southwest Missouri, Eastern Kansas, 
Western Arkansas and the southeastern portions of the Indian Territory. In all this region steep, rocky slopes 
prevail and the soil absorbs but a small percentage of the rainfalls. It indicates larger waterways than are required 


in Western Kansas and level portions of Missouri, Colorado, New Mexico and Western Texas. 


* American Railway Engineering Association, Vol. 12, p. 484. This report also contains an 
elaborate report on Runoff and Waterways for Culverts. 
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Soft Ground.—The materials should be excavated to a solid stratum or piles spaced about 
23 to 3 ft. centers should be driven over the foundation to a good refusal. The piles should be 
cut off below low water level to carry a timber grillage, or concrete may be deposited around the 
heads of the piles. Where water cannot be excluded it will be necessary to use one of the following 
methods: open caisson, crib, coffer dam, or pneumatic caisson. 

In using an open caisson the masonry is built up or the concrete is deposited in a water tight 
box built of heavy timbers or of reinforced concrete, the caisson being sunk as the pier is built up. 
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The caisson is commonly floated into place and then is sunk on piles which have been sawed off 
to receive it, or on a solid rock foundation. The sides of timber caissons are usually removed 
after the pier is completed. : 

Timber cribs are made of squared timbers placed transversely and longitudinally, and bolted 
together so as to form a solid structure with open pockets. The crib is sunk by loading the 
pockets with stone. No timber should be left above the low water mark in open caissons or cribs. 

A coffer dam is usually made by driving two rows of. sheet piling around the pier, the space 
between the rows of piling being filled with clay puddle. For small depths a single row of sheet 
piling is often sufficient. Where the depth is too great for one length of sheet piling, additional 
rows are driven inside the first. Steel sheet piling is now much used for difficult foundations. 
- Steel sheet piling can be driven through ordinary drift and similar material, is not limited in 
depth, and is practically water tight when used in a single row. It can be drawn and used again. 
It is almost impossible to shut off all the water with a coffer dam, and pumps should be provided. 

Pneumatic caissons should only be used under the direction of experienced engineers and 
will not be considered here. 

For details of sinking piers see Jacoby & Davis 
McGraw-Hill Book Company. 
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EXAMPLES OF RAILWAY BRIDGE ABUTMENTS.—Standard stone masonry abut- 
ments designed by the Baltimore & Ohio Railway are shown in Fig. 3. These abutments are 
to be used for deck and through girder spans. The plans are worked out in detail and give data 
for different conditions. 

Standard designs for a straight abutment and for a wing abutment designed by the N. Y. C. 
& H. R. R. R. are shown in Fig. 4. Data for different conditions are given on the plans. The 
quantity of masonry and of old railroad rails required for the N. Y. C. & H. R. R. R. abutments 


shown in Fig. 4 are given in Fig. 5. The wings are the length required for a flare of 30 degrees and 
a side slope of roadway of 1} to I. 
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The quantity of concrete in single track railway bridge abutments as designed by the Illinois — 


Central R. R. are given in Fig. 6. The quantities in double track abutments may be calculated 
as shown in Fig. 6, 


Cooper’s Standard Abutments —The abutment in (a), Fig. 7, is from Cooper’s “General 
Specifications for Foundations and Substructures of Highway and Electric Railway. Bridges."’ 
The length, /, and the thickness, a, for highway and single track electric railway bridges are as 
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given, and are proportional for intermediate spans. These abutments may be made of either 
first-class stone masonry, or first-class Portland cement concrete. 

For double track electric railway bridges add one foot to the value of a in Fig. 7, The mini- 
mum thickness of the wall at any point is to be 0.4 of the height. The length of the wing walls 
will be determined by local conditions. 
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The abutment without wing walls in (6), Fig. 7, has the same dimensions as the abutment 
with wing walls. The width for single track electric railways may be taken as 14 ft., double 
track 26 ft. The approximate cubical quantities in abutments without wing walls are given in 
Fig. 7. 

RAILWAY BRIDGE PIERS.—Standard piers for railway bridges as designed by the 
N. Y. C. & H. R. R. R. are shown in Fig. 8. Dimensions and data for different spans and heights 
of piers are given on the plans. The quantities of masonry in the standard plans shown in Fig. 8 
are given in Fig. 9, for deck spans and for through spans. 

Quantities of masonry in piers for deck plate girder spans are given in Fig. 10 and for through 
girder and truss spans in Fig. 11. These piers were designed and the estimates were prepared by 
the bridge department of the Illinois Central Railroad. 

Illinois Central Railroad Pier.—Details of a concrete pier designed and built by the Illinois 
Central Railroad are shown in Fig. 12. The pier rests on timber piles spaced as shown. The 
“starkwater”’ is reinforced with an 8 in. I beam. 

Cooper’s Standard Masonry Piers.—The masonry pier in Fig. 13 is from Cooper’s “‘ General 
Specifications for Substructures of Highway and Electric Railway Bridges.’’ The length, /, and 
the thickness, a, for highway and single track electric railway bridges are given in Fig. 13. These 
piers may be made of either first-class stone masonry, or first-class Portland cement concrete. 

For double track electric railway bridges add one foot to J, and 6 inches to a. The width, 
w = center to center of trusses, and may ordinarily be taken 14 ft. for single track, and 26 ft. 
for double track through bridges. Where drift and logs are liable to injure the pier the nose 
of the cut-water should be protected with a steel angle or plate. The approximate cubical con- 
tents of the piers are given in Fig. 13. 

STEEL TUBULAR PIERS.—Steel tubular piers are made of steel plates riveted together 
and filled with concrete. Where the piers are founded on soft material, piles are driven in the 
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bottom of the tube, the piles being sawed off below the water line. The piles should extend at 

‘least two diameters of the tube above the bottom. The tubes are braced transversely by means 

of struts and tension diagonals above high water and by diaphragm bracing below high water. 

Where the piers will be subject to blows from floating drift or logs they should be protected by a 
timber cribwork or other device. 

Cooper’s Standards.—The tubular piers in Fig. 14 are from Cooper’s “ General Specifications 

for Foundations and Substructures for Highway and Electric Railway Bridges.’’ Cooper specifies 
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a minimum thickness of 3 in. for plates below and j in. above the high water. The minimum size 


of tubular piers are as given in Fig. 14. 
A steel tubular pier with a timber crib protection is given in Fig. 14. The crib is filled with 


loose rock. 

‘A steel oblong pier, as designed by Cooper, is given in Fig. 15. The center of the truss is to 
come a/2 + one ft. from the end of the pier. The width a, as specified by Cooper, is given in 
Fig. 15. 

American Bridge Company Standards.—The American Bridge Company’s standard tubular 
piers are shown in Fig. 16. The minimum diameters for a height of 15 feet to carry a single span, 


STEEL TUBULAR PIERS FOR HIGHWAY BRIDGES, 257 


and data on piers, pier beams and pier bracing are given in Fig. 16. In calculating the weight of a 
pier add one foot to the length of each tube. The weight of the concrete in two tubes is given 
in Fig. 16. The concrete is assumed to fill the tube, and the space occupied by piles should be de- 
ducted. The number of piles required for different diameters of tubes is given. The number of 
piles required for large tubes agrees quite closely with Cooper's Specifications, but the number 
for small tubes is very much less. 

Pier Beams.—The sizes of pier beams required for different panel lengths and clear distance 
between tubes in feet are given in Fig. 16. The pier beam-should be assumed as one foot longer 
than the clear distance between the tubes, in calculating the weight of the beams. 
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Pier Bracing.—The pier bracing for piers supporting the ends of two spans are given in 
Fig. 16. If the spans are unequal in length, enter the table with one-half of the algebraic sum 
of the spans. For example, for a pier carrying a 75 ft. and a 125 ft. span, enter the diagram witha 
span of 100 ft. Steel tubular piers should never be used for end abutments carrying a fill. 

In calculating the weight of the diagonal bars the length of the bar should be multiplied by 
the weight per foot as obtained from a handbook, and the details for one bar added to the product. 
In calculating the weight of the struts add one foot to the clear length. 

Pier Caps.—Tubular piers may be capped with steel plate caps, may be finished with con- 
crete, or may have a stone pedestal block. The weights given in Fig. 16 do not include the 
weights of steel caps. 


Specifications for Steel Tubular Piers for Highway and Electric Railway Bridges.—The 
plates for the tubes shall be not less than } in. thick for tubes up to 30 in. in diameter, not less 
than 3% in. for tubes from 30 to 48 in. in diameter, and not less than 3 in. for tubes from 48 to 
72 in. in diameter. Where the plates are in contact with the soil the thickness shall be increased 
at least 7g in. For 7% in. plate and less use 3 in. rivets; for 3 in. plate and over use $ in. rivets. 

The horizontal seams shall be single lap joints riveted with a pitch of 4 diameters of rivet, 
while the vertical seams shall preferably be butt riveted with single riveting spaced 4 diameters 
of rivet, up to 48 in. diameter of tubes, and double riveting with 3 in. spacing for tubes of larger 
diameter. 
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Fic. 10. QUANTITIES IN Masonry Piers ror Deck GIRDERS, ILLINOIS CENTRAL 
RAILROAD. 


X=Number of cubre yards in one single track pler- 
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Fic. 11. QUANTITIES IN MASONRY PIERS FOR THROUGH SPANS, ILLINOIS CENTRAL 
RAILROAD. 


The bracing of piers shall be designed to take all the wind forces specified to come on the 
bridge. Diaphragm webs are to be used up to well above high water for piers located in the 
stream or where floating materials may find lodgment. Oblong piers shall be braced against 
inside and outside pressure. Piers exposed to injury from floating logs and drift shall be pro- 
tected. 

The tubes should be painted inside and out with two coats of red lead and linseed oil, or 


other prescribed paint. 
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The materials and workmanship shall comply with the specifications for the highway bridge 
superstructure. : 

Erection.—Where the bottom will permit, the tubes shall be sunk well below possible scour 
by loading the tube and excavating the material from the inside. For this purpose a clamshell 
bucket is very effective. Driving the tube with a pile driver will cut off the rivets in the horizontal 
seams and will not be permitted. After the tube is sunk, piles are to be driven inside of the 
steel shell, as closely together as possible, using care to get no pile nearer than 4 to 6 in. to the 
steel shell. The piles shall be driven to a good refusal, and the tops sawed off below the low 
water mark and reaching at least 2 diameters of the tube above the bottom. The space inside the 
tubes shall then be filled with concrete well tamped. Concrete should not be deposited in running 
water if possible to prevent it. 
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Fic. 12. DeErTaiLts or ILLINOIS CENTRAL RAILROAD PIER. 


Where piers are founded on rock, the tubes are to be anchored to the rock and then filled 
with concrete. Or cribs may be sunk on the rock and the tube set in a pocket in the crib and 
resting on the rock. The space outside the tube is then filled with concrete and the tube is filled 
with concrete in the usual manner. q 

Cylinder Piers for Highway Bridge, Trail, B. C.*—Steel cylinder piers were used for a steel 
highway bridge designed by Waddell and Harrington, Consulting Engineers, and built across 
the Columbia River at Trail, B.C. The main spans are 172 ft. 8 in. long and are carried on 
piers made of two steel cylinders filled with concrete. The steel cylinders are 9 ft. in diameter 
at the bottom and 6 ft. in diameter at the top, and are 86 ft. long. The cylinders are made of 


* Engineering News, Dec. 5, 1912. 
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plates } in. thick and are connected by a double plate web diaphragm, each diaphragm made 
of 33; in. plates spaced 24 in. apart and 25 ft. high, and reaching from below low water to above 
high water. The diaphragms were covered and filled with concrete. The cylinders are spaced 
21 ft. centers. The piers were sunk by the pneumatic process. 
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Fic, 14. STEEL TUBULAR PIERS FOR ELECTRIC RAILWAY AND HiGHwAy BRIDGES. 
COoPER’S STANDARDS. 


STEEL CYLINDER PIERS FOR RAILWAY BRIDGES.—Steel cylinder piers have been 
used for the foundations of several important bridges, Table V, by the Chicago and Northwestern 
Railway. Mr. W. H. Finley, Asst. Chief Engineer, gives the following advantages of steel cylinder 
piers over masonry piers.* 

(1) ‘Where it is desired to provide for future second track, cylinder foundations will cost 
very little more for double track than for single track. 


* Engineering News, Oct. 24, 1912. 
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(2) “Cylinder piers can be constructed under traffic with less trouble than any other type. 

(3) ‘Cylinder piers permit of rapid sinking by open dredging where the material is favorable 
and sunken logs are not Hanis to be encountered. Air pressure can be applied readily and cheaply 
if it becomes necessary.” 

Details of the cylinder piers for the Oxford Mill Pond bridge are shown in Fig. 17, and details 
of the steel shells for the base of the piers are shown in Fig. 18. The bridge is 481 feet long and 
consists of 30 ft. and 60 ft. spans resting on piers made of two steel cylinders and a steel shell for 
the base, filled with concrete. 
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TABLE V. 


DATA ON SEVERAL STEEL CYLINDER PIERS USED BY THE CHICAGO AND NORTHWESTERN 
RAILWAY. 


Steel Cylinder Piers. Steel Caisson Piers. 
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CYLINDER PIERS 
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STEEL CYLINDER PIERS FOR RAILWAY BRIDGES. 
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Fic. 17. STEEL TUBULAR Piers, Oxrorp Mitt Ponp Bripce, Curcaco & 
NORTHWESTERN RAILWAY. 
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MASONRY AND CONCRETE DEFINITIONS AND SPECIFICATIONS . 
CLASSIFICATION OF MAsonry.* 


Dressing. 
RULE Manner of 
Description. Work. 


Joints or Beds. Face or Surface. 
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Concrete. .} 4 Plain 
Rubble 
Dirywa nates feel Stone Rubble Uncoursed 


DEFINITIONS. * 


Masonry, Bridge and Retaining Wall.—Masonry of stone or concrete, designed to carry 
the end of a bridge span or to retain the abutting earth, or both. 

Masonry, Arch.—That portion of the masonry in the arch ring only, or between the intrados 
and the extrados. 

Masonry, Culvert.—Flat-top masonry structure of stone or concrete, designed to sustain the 
fill above and to permit the free passage of water. 

Masonry, Dry.—Masonry in which stones are built up without the use of mortar. 


CONCRETE. 


Concrete.—A compact mass of broken stone, gravel or other suitable material assembled 
together with cement mortar and allowed to harden. 

Reinforced Concrete.—Concrete which has been reinforced by means of metal in some form, 
so as to develop the compressive strength of the concrete. 

Rubble Concrete.—Concrete in which rubble stone are imbedded. 


BRICK. 
Brick.—No. 1.—Hard burned brick, absorption not exceeding 2 per cent by weight. 


’ CEMENT. 


Cement.—A material of one of the three classes, Portland, Natural and Puzzolan, possessing 
the property of hardening into a solid mass when mixed with water. 


* Adopted by Am. Ry. Eng. Assoc., Vol. 7, 1906, pp. 596-601, 619; Vol. 12, 1911. 
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Portland Cement.—This term shall be applied to the finely pulverized product resulting 
from the calcination to incipient fusion of an intimate mixture of properly proportioned argil- 
laceous and calcareous materials, and to which no addition greater than 3 per cent has been made 
subsequent to calcination. : 

_ Natural Cement.—This term shall be applied to the finely pulverized product resulting from 
| eae of an argillaceous limestone at a temperature only sufficient to drive off the carbonic 
acid gas. 

Puzzolan Cement, as Made in North America.—An intimate mixture obtained by finely 
pulverizing together granulated basic blast furnace slag and slacked lime. 


Courses AND Bonpb. 


Coursed.—Laid with continuous bed joints. 

Broken Coursed.—Laid with parallel, but not continuous, bed joints. 

Uncoursed.—Laid without regard to courses. 

English Bond.—That disposition of bricks in a structure in which each course is composed 
entirely of headers or of stretchers. 

Flemish Bond.—That disposition of bricks in a structure in which the headers and stretchers 
alternate in each course, the header being so placed that the outer end lies on the middle of a 
stretcher in the course below. 


DRESSING. 


Dressing.—The finish given to the surface of stones or to concrete. 
eo Having surface, the variations of which do not exceed one-sixteenth inch from the 
itch line. 

2 Fine Pointed.—Having irregular surface, the variations of which do not exceed one-quarter 
inch from the pitch line. 

Rough Pointed.—Having irregular surface, the variations of which do not exceed one-half 
inch from the pitch line. 

Scabbled.—Having irregular surface, the variations of which do not exceed three-quarters 
inch from the pitch line. 

Rock-Faced.—Presenting irregular projecting face, without indications of tool mark. 


DESCRIPTIVE WORDS. 


Abutment.—A supporting wall carrying the end of a bridge or span and sustaining the pressure 
of the abutting earth. The abutment of an arch is commonly called a bench wall. 

Arris.—The external edge formed by two surfaces, whether plain or curved, meeting each 
other. 

Ashlar.—A squared or cut block of stone with rectangular dimensions. 

Backing.—That portion of a masonry wall or structure built in the rear of the face. It must 
be attached to the face and bonded with it. It is usually of a cheaper grade of work than the face. 

Batter.—The slope or inclination of the face or back of a wall from a vertical line. 

Bed.—The top and bottom of a stone. (See Course Bed; Natural Bed; Foundation Bed.) 

Bed Joint.—A horizontal joint, or one perpendicular to the line of pressure. 

Bench Wall.—The abutment from which an arch springs. f 

Bond.—The mechanical disposition of stone, brick or other building blocks by overlapping 
to break joints. 

Build.—A vertical joint. ; 

Centering.—A temporary support used in arch construction. (Also called centers.) 

Clamp.—An instrument for lifting stone so designed that its grip on the surface of the stone 
is increased as the load is applied. That portion engaging the stone 1s of wood attached toa steel 
shoe, which in turn is hjnged to the shank of the clamp in such a manner as to adjust itself to the 
surface of the body lifted. 3 ate 

Coping.—A top course of stone or concrete, generally slightly projecting, to shelter the masonry 
from the weather, or to distribute the pressure from exterior loading. 

Course.—Each separate layer in stone, concrete or brick masonry. : ; 

Course Bed.—Stone, brick or other building material in position, upon which other material 
is to be laid. s 
. Cramps.—Bars of iron having the ends turned at right angles to the body of the bar which 
enter holes in the upper side of adjacent stones. 

Culvert.—A small covered passage for water under a roadway or embankment. 

Dimension Stone.—(1) A block of stone cut to specified dimensions. _ : ; 

Dimension Stone.—(2) Large blocks of stone quarried to be cut to specified dimensions. 


268 BRIDGE ABUTMENTS AND PIERS. Cuap. VI, : 


Dowels.—(a) Straight bars of iron which enter a hole i in the upper side of one stone and also 
a hole in the lower side of the stone next above. 

Dowel.—(b) A two-piece steel instrument used in lifting stone. The dowel engages the 
. stone by means of two holes drilled into the stone at an angle of about 45 degrees pointing toward 
each other. The dowel is not keyed in place. 

Draft.—A line on the surface of a stone cut to the breadth of the chisel. 

Expansion Joint.—A vertical joint or space to allow for temperature changes. 

Extrados.—The upper or convex surface of an arch. 

Intrados.—The inner or narrow concave surface of an arch. 

Face.—The exposed surface in elevation. 

Facing.—In concrete: (1) A rich mortar placed on the exposed surfaces to make a smooth 
finish. 

(2) Shovel facing by working the mortar of concrete to the face. 

Final Set.—A stage of the process of setting marked by certain hardness. (See Cement 
Specifications.) 

Flush.—(Adj.) Having the surface even or level with an sided: surface. 

Flush.—(Verb.) (1) To fill. (2) To bring to a level. (3) To force water to the surface 
of mortar or concrete by compacting or ramming. 

Footing.—A projecting bottom course. 

Form.—A temporary structure for giving concrete a desired shape. 

Foundation.—(1) That portion of a structure usually below the surface of the ground, which 
distributes the pressure upon its support. (2) Also applied to the natural support itself; rock, 
clay, etc. 

Foundation Bed.—The surface on which a structure rests. 

Grout.—A mortar of liquid consistency which can easily be poured. 

Header.—A stone which has its greatest length at right angles to the face of the wall, and 
which bonds the face stones to the backing. 

Initial Set.—An early stage of the process of setting, marked by certain hardness. (See 
Cement Specifications.) 

Joint.—The narrow space between adjacent stones, bricks or other building blocks, usually 
filled with mortar. 

Lagging.—Strips used to carry and distribute the weight of an arch to the ribs or centering 
during its construction. 

Lewis.—A four-piece steel instrument used in lifting stone. (The lewis engages the stone 
by means of a triangular-shaped hole into which it is keyed.) 

Lock.—Any special device or method of construction used to secure a bond in the work. 

Mortar.—A mixture of fine aggregate, cement or lime and water used to bind together the 
materials of concrete, stone or brick in masonry or to cover the surface of the same. 

Natural Bed.—The surfaces of a stone parallel to its stratification. 

Parapet.—A wall or barrier on the edge of an elevated structure for protection or ornament. 

Paving.—Regularly placed stone or brick forming a floor. 

Pier.—An intermediate support for arches or other spans. 

Pitch.—(Verb.) To square a stone. 

Pitched.—Having the arris clearly defined by a line beyond which the rock is cut away by 
the pitching chisel so as to make approximately true edges. 

Pointing.— Filling joints or defects in the face of a masonry structure. 

Retaining Wall.—A wall for sustaining the pressure of earth or filling deposited behind it. 

; Voussoirs.—The individual stones forming an arch. They are always of truncated wedge 
orm. 

Ring Stones.—The end voussoirs of an arch. 

Riprap.—Rough stone of various sizes placed compactly or irregularly to prevent scour by 
water. 

Rubble.—Field stone or rough stone as it comes from the quarry. When it is of a large or 
massive size it is termed block rubble. 

Rubbed.—A fine finish made by rubbing with grit or sand stone. 

Set.—(Noun) The change from a plastic to a solid or hard state. 

Slope Wall.—A wall to protect the slope of an embankment or cut. 

Soffit—The under side of a projection. 

Spall.—(Noun). A chip or small piece of stone broken from a large block. 

Spandrel Wall.—The wall at the end of an arch above the springing line and extrados of the 
arch and below the coping or the string course. 

Stretcher.—A stone which has its greatest length parallel to the face of the wall. 

Wing Wall.—An extension of an abutment wall te retain the adjacent earth. 


SPECIFICATIONS FOR STONE MASONRY.* 


GENERAL. 


1. Standard Specifications.—The classification of masonry and the requirements for cement 
and concrete shall be those adopted by the American Railway Engineering Association. 

2. Engineer Defined.—Where the term “Engineer” is used in these specifications, it refers 
to the engineer actually in charge of the work. 


GENERAL REQUIREMENTS. 


3- Stone.—Stone shall be of the kinds designated and shall be hard and durable, of approved 
quality and shape, free from seams, or other imperfections. Unseasoned stone shall not be used 
where liable to injury by frost. 

4. Dressing.—Dressing shall be the best of the kind specified. 

5. Beds and joints or builds shall be square with each other, and dressed true and out of 
wind. Hollow beds shall not be permitted. 

6. Stone shall be dressed for laying on the natural bed. In all cases the bed shall not be 
less than the rise. 

7. Marginal drafts shall be neat and accurate. 

8. Pitching shall be done to true lines and exact batter. 

9. Mortar.—Mortar shall be mixed in a suitable box, or in a machine mixer, preferably of 
the batch type, and shall be kept free from foreign matter. The size of the batch and the pro- 
portions and the consistency shall be as directed by the engineer. When mixed by hand the sand 
and cement shall be mixed dry, the requisite amount of water then added and the mixing continued 
until the cement is uniformly distributed and the mass is uniform in color and homogeneous. 

10. Laying.—The arrangement of courses and bond shall be as indicated on the drawings, or 
as directed by the engineer. Stone shall be laid to exact lines and levels, to give the required bond 
and thickness of mortar in beds and joints. 

11. Stone shall be cleansed and dampened before laying. 

12. Stone shall be well bonded, laid on its natural bed and solidly settled into place in a full 
bed of mortar. 

13. Stone shall not be dropped or slid over the wall, but shall be placed without jarring stone 
already laid. 

14. Heavy hammering shall not be allowed on the wall after a course is laid. 

15. Stone becoming loose after the mortar is set shall be relaid with fresh mortar. 

16. Stone shall not be laid in freezing weather, unless directed by the engineer. If laid, 
it pee a freed from ice, snow or frost by warming; the sand and water used in the mortar shall 

e heated. 

17. With precaution, a brine may be substituted for the heating of the mortar. The brine 
shall consist of one pound of salt to eighteen gallons of water, when the temperature is 32 degrees 
: haa for every degree of temperature below 32 degrees Fahrenheit, one ounce of salt shall 

e added. 

18. Pointing.—Before the mortar has set in beds and joints, it shall be removed to a depth of 
not less than one (1) in. Pointing shall not be done until the wall is complete and mortar set; 
nor when frost is in the stone. 

19. Mortar for pointing shall consist of equal parts of sand, sieved to meet the requirements, 
and Portland cement. In pointing, the joints shall be wet, and filled with mortar, pounded in 
with a ‘“‘set-in” or calking tool and finished with a beading tool the width of a joint, used with a 


straight-edge. 


BRIDGE AND RETAINING WALL Masonry—ASHLAR STONE. 


20. Bridge and Retaining Wall Masonry. Ashlar Stone.—The stone shall be large and 
well proportioned. Courses shall not be less than fourteen (14) in. or more than thirty (30) in. 


thick, thickness of courses to diminish regularly from bottom to top. 
21. Dressing.—Beds and joints or builds of face stone shall be fine-pointed, so that the 


mortar layer should not be more than one-half (4) in. thick when the stone is laid. 
22. Joints in face stone shall be full to the square for a depth equal to at least one-half the 


height of the course, but in no case less than twelve (12) in. 


* Adopted by American Railway Engineering Association. 
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_ 23. Face or Surface.—Exposed surfaces of the face stone shall be rock-faced, and edges pitched 
to the true lines and exact batter; the face shall not project more than three (3) in. beyond the 
itch line. 
3 24. Chisel drafts one and one-half (13) in. wide shall be cut at exterior corners. 

25. Holes for stone hooks shall not be permitted to show in exposed surfaces. Stone shall 
be handled with clamps, keys, lewis or dowels. 

26. Stretchers.—Stretchers shall not be less than four (4) ft. long and have at least one anda 
quarter times as much bed as thickness of course. 

27. Headers.—Headers shall not be less than four (4) ft. long, shall occupy one-fifth of face - 
of wall, shall not be less than eighteen (18) in. wide in face, and, where the course is more than 
eighteen (18) in. high, width of face shall not be less than height of course. 

28. Headers shall hold in heart of wall the same size shown in face, so arranged that a header 
in a superior course shall not be laid over a joint, and a joint shall not occur over a header; the 
same disposition shall occur in back of wall. 

29. Headers in face and back of wall shall interlock when thickness of wall will admit. 

30. Where the wall is three (3) ft. thick or less, the face stone shall pass entirely through. 
Backing shall not be permitted. 

*31-a. Backing.—Backing shall be large, well-shaped stone, roughly bedded and jointed; 
bed joints shall not exceed one (1) in. At least one-half of the backing stone shall be of same 
size and character as the face stone and with parallel ends. The vertical joints in back of wall 
shall not exceed two (2) in. The interior vertical joints shall not exceed six (6) in. Voids shall 

: concrete. 
be thoroughly filled with { spalls, fully bedded in cement mortar. 
: concrete. 

31-b. Backing shall be; headers and stretchers, as specified in paragraphs 26 and 27, and 

heart of wall filled with concrete. 

32. Where the wall will not admit of such arrangement, stone not less than four (4) ft. long 
shall be placed transversely in heart of wall to bond the opposite sides. 

" 133° Where stone is backed with two courses, neither course shall be less than eight (8) in. 
thick. 

34. Bond.—Bond of stone in face, back and heart of wall shall not be less than twe!ve (12) 
in. Backing shall be laid to break joints with the face stone and with one another. 

35. Coping.—Coping stone shall be full size throughout, of dimensions indicated on the 
drawings. 

36. Beds, joints and top shall be fine-pointed. 

37. Location of joints shall be determined by the position of the bed plates, and be indicated 
on the drawings. 

38. Locks.—Where required, coping stone, stone in the wings of abutments, and stone 
e piers, shall be secured together with iron clamps or dowels, to the position indicated on the 

rawings. 


BRIDGE AND RETAINING WALL MAsONRY—RUBBLE STONE. 


_ 39. Dressing.—The stone shall be roughly squared, and laid in irregular courses. Beds shall 
be parallel, roughly dressed, and the stone laid horizontal to the wall. Face joints shall not be 
more than one (1) in. thick. Bottom stone shall be large, selected flat stone. 

40. Laying.—The wall shall be compactly laid, having at least one-fifth the surface of back 
and face headers arranged to interlock, having all voids in the heart of the wall thoroughly filled 


wit { concrete. 
suitable stones and spalls, fully bedded in cement mortar. 


ArcaH Masonry—ASHLAR STONE. 


41. Arch Masonry, Ashlar Stone.—Voussoirs shall be full size throughout and dressed true 
to templet, and shall have bond not less than thickness of stone. 

42. Dressing.—Joints of voussoirs and intrados shall be fine-pointed. Mortar joints shall 
not exceed three-eighths (3) in. 


smooth. 
43. Face or Surface.—Exposed surface of the ring stone shall be 4 rock faced, with a marginal 
draft. : 
44. Number of courses and depth of voussoirs shall be indicated on the drawings. 
45. Voussoirs shall be placed in the order indicated on the drawings. 


* Paragraphs 31-a and 31-b are so arranged that either may be eliminated according to 
requirements. Optional clauses printed in italics. 
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concrete. 

46. Backing.—Backing shall consist of large stone, shaped to fit the arch bonded to the spandrel 

and laid in full bed of mortar. 

47. Where waterproofing is required, a thin coat of mortar or grout shall be applied evenly 
for a finishing coat, upon which shall be placed a covering of approved waterproofing material. 

- 48. Centers shall not be struck until directed by the engineer. 

49. Bench Walls, Piers, Spandrels, etc.—Bench walls, piers, spandrels, parapets, wing walls 
and copings shall be built under the specifications for Bridge and Retaining Wall Masonry, 
Ashlar Stone. 

ArcH MASONRY—RUBBLE STONE. 


50. Arch Masonry, Rubble Stone.—Voussoirs shall be full size throughout, and shall have 
bond not less than thickness of voussoirs. 

51. Dressing.—Beds shall be roughly dressed to bring them to radial planes. 

52. Mortar joints shall not exceed one (1) in. 

53. Face or Surface.—Exposed surfaces of the ring stone shall be rock-faced, and edges 
pitched to true lines. 

54. Voussoirs shall be placed in the order indicated on the drawings. 

concrete. 

55. Backing.—Backing shall consist of ; large stone, shaped to fit the arch, bonded to the span-- 

drel, and laid in full bed of mortar. 

56. Where waterproofing is required, a thin coat of mortar or grout shall be applied evenly 
for a finishing coat, upon which shall be placed a covering of approved waterproofing material. 

57- Centers shall not be struck until directed by the engineer. 

58. Bench Walls, Piers, Spandrels, etc.—Bench walls, piers, spandrels, parapets, wing walls 
and copings shall be built under the specifications for Bridge and Retaining Wall Masonry, 
Rubble Stone. 

CULVERT MASonrRY. 


59. Culvert Masonry.—Culvert Masonry shall be laid in cement mortar. Character of 
stone and quality of work shall be the same as specified for Bridge and Retaining Wall Masonry, 
Rubble Stone. 

‘ 60. Side Walls.—One-half the top stone of the side walls shall extend entirely across the 
wall, 

61. Cover Stones.—Covering stone shall be sound and strong, at least twelve (12) in. thick, 
or as indicated on the drawings. They shall be roughly dressed to make close joints with each 
other, and lap their entire width at least twelve (12) in. over the side walls. They shall be doubled 
under high embankments, as indicated on the drawings. 

62. End Walls, Coping.—End walls shall be covered with suitable coping, as indicated on 
the drawings. 

Dry MAsonry, 


63. Dry Masonry.—Dry Masonry shall include dry retaining walls and slope walls. 

64. Retaining Walls.—Retaining Walls and Dry Masonry shall include all walls in which 
rubble stone laid without mortar is used for retaining embankments or for similar purposes. 

65. Dressing.—Flat stone at least twice as wide as thick shall be used. Beds and joints 
shall be roughly dressed square to each other and to face of stone. 

66. Joints shall not exceed three-quarters ({) in. 

67. Disposition of Stone.—Stone of different sizes shall be evenly distributed over entire 
face of wall, generally keeping the larger stone in lower part of wall. 

68 The work shall be well bonded and present a reasonably true and smooth surface, free 
from holes or projections. 

69. Slope Walls.—Slope Walls shall be built of such thickness and slope as directed by the 
engineer. Stone shall not be used in this construction which does not reach entirely through the 
wall. Stone shall be placed at right angles to the slopes. The wall shall be built simultaneously 
with the embankment which it is to protect. 


SPECIFICATIONS FOR PLAIN AND REINFORCED CONCRETE AND STEEL 
REINFORCEMENT.* 


CONCRETE MATERIALS. 


1. Cement.—The cement shall be Portland and shall meet the requirements of the standard 
specifications. : 

2. Fine Aggregates.—Fine aggregate shall consist of sand, crushed stone or gravel screenings, 
graded from fine to coarse, and passing when dry a screen having ¢ in. diameter holes; it shall 
preferably be of hard siliceous material, clean, free from dust, soft particles, vegetable loam or 
other deleterious matter, and not more than 6 per cent shall pass a sieve having 100 meshes per 
linear inch. 

3. The fine aggregate shall be of such quality that mortar composed of one part Portland 
cement and three parts fine aggregate by weight when made into briquettes shall show a tensile 
strength at least equal to the strength of 1 : 3 mortar of the same consistency made with same 
cement and standard Ottawa sand. f : : 

4. Coarse Aggregates.—Coarse aggregate shall consist of material such as crushed stone or 
gravel which is retained on a screen having { in. diameter holes and having gradation of sizes from 
the smallest to the largest particles; it shall be clean, hard, durable and free from all deleterious 
matter. Aggregates containing dust, soft or elongated particles shall not be used. 

5. Water.—The water used in mixing concrete shall be free from oil, acid, and injurious 
amounts of alkalies or vegetable matter. 


STEEL REINFORCEMENT. 


6. Manufacture.—Steel shall be made by the open-hearth process. Rerolled material will 
not be accepted. 

7. Plates and shapes used for reinforcement shall be of structural steel only. Bars and 
wire may be of structural steel or high carbon steel. 

8. Schedule of Requirements.—The chemical and physical properties shall conform to the 
following limits: 


Elements Considered. ; Structural Steel. High Carbon Steel. 


Asse Stew ak oun 80 atican eee seh 0.04 per cent 0.04 per cent 
0.06 per cent 0.06 per cent 
Sulphursmaximunm a sawstete cess tee ey aes se oe 0.05 per cent 0.05 per cent 


ERODE INA N eidn tj oiiese oeoke - 


Ultimate tensile strength in pounds per square Desired Desired 
TCO. NER Iciets Meet atl eos a hee ees Rae ae 60,000 88,000 
1,500,000 1,000,000 
Ult. tensile strength Ult. tensile strength 
CSharacten Oi raCuulre ngs wise sissevaisi wis cites woes rok Silky Silky or finely 
granular 
ie ColdsBends without Mmracture.a--qe- ee coe see 180° flat 180° d = 4t§ 


Elong., min. per cent in 8 in., Fig. 1 


g. Yield Point.—The yield point for bars and wire, as indicated by the drop of the beam, 
shall be not less than 60 per cent of the ultimate tensile strength. 

10. Allowable Variations.—If the ultimate strength varies more than 4,000 lb. for-structural 
steel or 6,000 Ib. for high carbon steel, a retest shall be made on the same gage, which, to be ac- 
ceptable, shall be within 5,000 lb. for structural steel, or 8,000 lb. for high carbon steel, of the 
desired ultimate. 


* Adopted by the American Railway Engineering Association. j 
} This sand may be obtained from the Ottawa Silica Company at a cost of 2 cts. per lb. 
f. o. b. cars, Ottawa, IIl. 
t See paragraph 15. 
§ ‘‘d = 4t” signifies ‘around a pin whose diameter is four times the thickness of the specimen,” 
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11, Chemical Analyses.—Chemical determinations of the percentages of carbon, phosphorus, 
sulphur and manganese shall be made by the manufacturer from a test ingot taken at the time 
of the pouring of each melt of steel, and a correct copy of such analysis shall be furnished to the 
engineer or his inspector. Check analysis shall be made from finished material, if called for by 
the See company, in which case:an excess of 25 per cent above the required limits will be 
allowed. 

12. Form of Specimens.—Plates, Shapes and Bars: Specimens for tensile and bending 
tests for plates and shapes shall be made by cutting coupons from the finished product, which 
shall have both faces rolled and both edges milled to the form shown by Fig. 1; or with both edges 
parallel; or they may be turned to a diameter of { in. with enlarged ends. 

13. Bars shall be tested in their finished form. 


1 


About 3, ‘/ Parallel section not less than 9”, eapout 8", 
Wes rash 
' 


1 
1 


4 
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14. Number of Tests.—At least one tensile and one bending test shall be made from each melt 
of steel as rolled. In case steel differing } in. and more in thickness is rolled from one melt, a 
test shall be made from the thickest and thinnest material rolled. 

15. Modifications in Elongation.—For material less than #5 in. and more than ? in. in thick- 
ness the following modifications will be allowed in the requirements for elongation: 

(a) For each 7; in. in thickness below 7; in. a deduction of 24 will be allowed from the speci- 

fied percentage. : : . 

(b) For each } in. in thickness above } in., a deduction of 1 will be allowed from the specified 

percentage. 

16. Bending Tests.—Bending test may be made by pressure or by blows. Shapes and bars 
less than one inch thick shall bend as called for in paragraph 8. 

17. Thick Material.—Test specimens one inch thickand over shall bend cold 180 degrees around 
a pin, the diameter of which, for structural steel, is twice the thickness of the specimen, and for high 
carbon steel, is six times the thickness of the specimen, without fracture on the outside of the bend. 

18. Finish.—Finished material shall be free from injurious seams, flaws, cracks, defective 
edges or other defects, and have a smooth, uniform and workmanlike finish. 

19. Stamping.—EF very finished piece of steel shall have the melt number and the name of 
the manufacturer stamped or rolled upon it, except that bar steel and other small parts may be 
bundled with the above marks on an attached metal tag. : 

20. Defective Material— Material which, subsequent to the above tests at the mills, and its 
acceptance there, develops weak spots, brittleness, cracks or other imperfections, or is found to 
have injurious defects, will be rejected and shall be replaced by the manufacturer at his own cost. 

21. Reinforcing steel shall be free from excessive rust, loose scale, or other coatings of any 
character, which would reduce or destroy the bond. 


WORKMANSHIP. 

22. Unit of Measure.—The unit of measure shall be the cubic foot. A bag containing not 
less than 94 lb. of cement shall be assumed as one cubic foot of cement. T’ine and coarse aggte- 
gates shall be measured separately as loosely thrown into the measuring receptacle. 

23. Relation of Fine and Coarse Aggregates.—The fine and coarse aggregates shall be used 
in such relative proportions as will insure maximum density. 


19 
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24. Proportions.—The proportions of materials for the different classes of concrete shall be 
as follows: 


Aggregates. 


Note:—This blank to be filled for each contract. 


25. For plain*concrete, a proportion of 1 : 9 (unless otherwise specified) shall be used, i. e., 
one part of cement to a total of nine parts of fine and coarse aggregates measured separately; for 
example, I cement, 3 fine aggregate, 6 coarse aggregate. 

26. For reinforced concrete a proportion of I : 6 (unless otherwise specified) shall be used, 
i. e., one part of cement to a total of six parts of fine and coarse aggregates measured separately; 
for example, 1 cement, 2 fine aggregate, and 4 coarse aggregate. 

27. Mixing.—The ingredients of concrete shall be thoroughly mixed to the desired con- 
sistency, and the mixing shall continue until the cement is uniformly distributed and the mass 
is uniform in color and homogeneous. . 

28. Measuring Proportions.—The various ingredients, including the water, shall be measured 
separately, and the methods of measurement shall be such as to secure the proper proportions at 
all times. 

29. Machine Mixing.—A machine mixer, preferably of the batch type, shall be used, wher- 
ever the volume of the work will justify the expense of installing the plant. The requirements 
demanded are that the product delivered shall be of the specified proportions and consistency 
and thoroughly mixed. 

30. Hand Mixing.—When it is necessary to mix by hand, the mixing shall be on a watertight 
platform of sufficient size to accommodate men and materials for the progressive and rapid mixing 
of at least two batches of concrete at the same time. Batches shall not exceed one-half cubic 
yard each. The mixing shall be done as follows: The fine aggregate shall be spread evenly upon 
the platform, then the cement upon the fine aggregates, and these mixed thoroughiy until of an 
even color. The water necessary to mix a thin mortar shall then be added and the mortar spread 
again. The coarse aggregates, which, if dry, shall first be thoroughly wetted down, shall then 
be added to the mortar. The mass shall then be turned with shovels or hoes until thoroughly 
mixed and all the aggregate covered with mortar. Or, at the option of the engineer, the coarse 
aggregate may be added before, instead of after, adding the water. 

31. Consistency.—The materials shall be mixed wet enough to produce a concrete of such 
consistency that it will flow into the forms and about the metal reinforcement, and which, on 
the other hand, can be conveyed from the place of mixing to the forms without separation of the 
coarse aggregate from the mortar. 

32. Retempering.—Retempering mortar or concrete, i e., remixing with water after it has 
partially set, will not be permitted. 

33. Placing of Concrete.—Concrete after the completion of the mixing shall be handled 
rapidly to the place of final deposit and under no circumstances shall concrete be used that has 
partially set before final placing. 

34. The concrete shall be deposited in such a manner as will prevent the separation of the 
ingredients and permit the most thorough compacting. It shall be compacted by working with 
a straight shovel or slicing tool kept moving up and down until all the ingredients have settled in 
their proper place and the surplus water is forced to the surface. In general, except in arch work, 
all concrete must be deposited in horizontal layers of uniform thickness throughout. 

35. In depositing concrete under water, special care shall be exercised to prevent the cement 
from floating away and to prevent the formation of laitance. 

36. Before depositing concrete the forms shall be thoroughly wetted (except in freezing 
weather) or oiled, and the space to be occupied by the concrete cleared of debris. 

37. Before placing new concrete on or against concrete which has set, the surface of the latter 
shall be roughened, thoroughly cleansed of foreign material and laitance, drenched and slushed 
with a mortar consisting of one part Portland cement and not more than two parts fine aggregate. 

38. The faces of concrete exposed to premature drying shall be kept wet for a period of at 
least three days. 
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39. Freezing Weather.—Concrete shall not be mixed or deposited at a freezing temperature 
unless special precuations, approved by the engineer, are taken to avoid the use of materials 
ons with ice crystals or containing frost and to provide means to prevent the concrete from 

reezing. 

The author has used the following specification for depositing concrete in freezin — 
When the temperature of the air ts below 40° F. during the pap of mixing and piensa 
water used in mixing concrete shall be heated to such a temperature that the temperature of the concrete 
mixture shall not be less than 60° when it reaches its final position in the forms. Care shall be used 
that the cement shall not be injured by boiling water. 

40. Rubble Concrete.—Where the concrete is to be deposited in massive work, clean, large 
stones, evenly distributed, thoroughly bedded and entirely surrounded by concrete may be 
used, at the option of the engineer. , : 

41. Forms.—Forms shall be substantial and unyielding and built so that the concrete shall 
pone to the designed dimensions and contours, and so constructed as to prevent the leakage 
of mortar. 

42. The forms shall not be removed until authorized by the engineer. * 

43. For all important work, the lumber used for face work shall be dressed to a uniform thick- 
ness and width; shall be sound and free from loose knots and secured to the studding or uprights 
in horizontal lines. ; 

44. For backings and other rough work undressed lumber may be used. 

45. Where corners of the masonry and other projections liable to injury occur, suitable mold- 
ings shall be placed in the angles of the forms to round or bevel them off. | 

46. Lumber once used in forms shall be cleaned before being used again. 

47. The reinforcement shall be carefully placed in accordance with the plans, and adequate 
means shall be provided to hold it in its proper position until the concrete has been deposited 
and compacted. 


DETAILS OF CONSTRUCTION. 


48. Splicing Reinforcement.—Wherever it is necessary to splice the reinforcement otherwise 
than as shown on the plans, the character of the splice shall be decided by the engineer on the 
basis of the safe bond stress and the stress in the reinforcement at the point of splice. Splices 
shall not be made at points of maximum stress. 

49. Joints in Concrete.—Concrete structures, wherever possible, shall be cast at one opera- 
tion, but when this is not possible, the resulting joint shall be formed where it will least impair 
the strength and appearance of the structure. 

50. Girders and slabs shall not be constructed over freshly formed walls or columns without 
permitting a period of at least four hours to elapse to provide for settlement or shrinkage in the 
supports. Before resuming work, the tops of such walls or columns shall be cleaned of foreign 
matter and laitance. 

51 A triangular-shaped groove shall be formed at the surface of the concrete at vertical 
joints in walls and abutments. 

52 Surface Finish.—Except where a special surface finish is required, a spade or special 
tool-shall always be worked between the concrete and the form to force back the coarse aggre- 
gates and produce a mortar face. 

53. Top Surfaces.—Top surfaces shall generally be “struck” with a straight edge or “floated” 
after the coarse aggregates have been forced below the surface. 

54. Sidewalk Finish.—Where a “sidewalk finish” is called for on the plans, it shall be made © 
by spreading a layer of 1 : 2 mortar at least ¢ in. thick, troweling the same to a smooth surface. 
This finishing coat shall be put on before the concrete has taken its initial set. 
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REFERENCES.—Plain masonry and concrete abutments and piers, only, have been con- 
sidered in this chapter. The following books may be consulted for additional information. 

Baker’s ‘‘ Masonry Construction,’”’ John Wiley & Sons, gives a full discussion of the design 
of masonry, plain and reinforced concrete abutments and piers, and the different methods of 
constructing abutments and piers. 

Fowler’s ‘‘ Ordinary Foundations,” John Wiley & Sons, gives a full discussion of the design 
and construction of abutments and piers, with special attention given to the coffer dam process. 

Jacoby and Davis’ ‘“‘ Foundations of Bridges and Buildings,’’ McGraw-Hill Book Co., gives 
a full discussion of the design and construction of abutments and piers. 

Bulletin 140 of the Am. Ry. Eng. ae ve an article on the Design of Railway Bridge Abut- 
ments by Mr. J. H. Prior, Asst. Engineer, C. M. & St. P. Ry. This article describes in detail 
the standard plain and reinforced concrete abutments used by the C. M. & St. P. Ry. 


CHAPTER VII. 
TIMBER BRIDGES AND TRESTLES. 


Definitions.—The following definitions have been adopted by the American Railway Engi- 
neering Association. 

Wooden Trestle.—A wooden structure composed of upright members supporting simple 
Pe ee members or beams, the whole forming a support for loads applied to the horizontal 
members. 

Frame Trestle.—A structure in which the upright members or supports are framed timbers. 

Pile Trestle.—A structure in which the upright members or supports are piles. 

Bent.—The group of members forming a single vertical support of a trestle, designated as 
pile bent where the principal members are piles, and as framed bent where of framed timbers. 

Post.—One of the vertical or battered members of the bent of a framed trestle. 

Pile.—(See definition under subject of Piles and Pile Driving.) 

Batter.—A deviation from the vertical in upright members of a bent. 

‘ Cap.—A horizontal member upon the top of piles or posts, connecting them in the form of a 
ent. 

Sill—A lower horizontal member of a framed bent. 

Sub-Sill.—A timber bedded in the ground to support a framed bent. 

Intermediate Sill—A horizontal member in the plane of the bent between the cap and sill 
to which the posts are framed. 

; Sway Brace.—A member bolted or spiked to the bent and extending diagonally across its 
ace. 

: Longitudinal Strut or Girt.—A stiff member running horizontally, or nearly so, from bent to 
ent. 

Longitudinal X-Brace.—A member extending diagonally from bent to bent in a vertical or 
battered plane. 

Sash Brace.—A horizontal member secured to the posts or piles of a bent. : 

Stringer.—A longitudinal member extending from bent to bent and supporting the ties. 

Jack Stringer.—A stringer placed outside of the line of main stringers. 

Tie.—A transverse timber resting on the stringers and supporting the rails. 

Guard Rail.—A longitudinal member, usually a metal rail, secured on top of the ties inside 
of the track rail, to guide derailed car wheels. 

Guard Timber.—A longitudinal timber framed over the ties outside of the track rail, to 
maintain the spacing of the ties. 

Packing Block.—A small member, usually wood, used to secure the parts of a composite 
member in their proper relative positions. 

Packing Spool or Separator.—A small casting used in connection with packing bolts to 
secure the several parts of a composite member in their proper relative positions. _ 

Drift Bolt.—A piece of round or square iron of specified length, with or without head or 
point, driven as a spike. : 

Dowel.—An iron or wooden pin, extending into, but not through, two members of the struc- 
ture to connect them. ; 

Shim.—A small piece of wood or metal placed between two members of a structure to bring 
them to a desired relative position. 

Fish-Plate.—A short piece lapping a joint, secured to the side of two members, to connect 
them end to end. 4 

Bulkhead.—A wall of timber placed against the side of an end bent to retain the embankment. 


STRUCTURAL TIMBER. 


Definitions.—The following definitions have been adopted by the American Railway Engi- 
neering Association. 
Timber.—A single stick of wood of regular cross-section. 
Cross-Section.—A section of a stick at right angles to the axis. é ‘ ¥ 
True.—Of uniform cross-section. Defects are caused by wavy or jagged sawing or consist 
of trapezoidal instead of rectangular cross-sections. 
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Axis.—The line connecting the centers of successive cross-sections of a stick. 

Straight.—Having a straight line for an axis. ' 

Out of Wind.—Having the longitudinal surfaces plane. 3 : 

Full Length.—Long enough to “‘square’’ up to the length specified in the order. 

Corner.—The line of intersection of the planes of two adjacent longitudinal surfaces. 

Girth.—The perimeter of a cross-section. 

Side.—Either of the two wider longitudinal surfaces of a stick. 

Edge.—Either of the two narrower longitudinal surfaces of a stick. 

Face.—The surface of a stick which is exposed to view in the finished structure. 

Sapwood.—A cylinder of wood next to the bark and of lighter color than the wood within. 
It may be of uneven thickness. 

Heartwood.—The older and central part of a log, usually darker in color than sapwood. 
It appears in strong contrast to the sapwood in some species, while in others it is but slightly 
different in color. 

Springwood.—The inner part of the annual ring formed in the earlier part of the season, 
not necessarily in the spring, and often containing vessels or pores. 

Summerwood.—The outer part of the annual ring formed later in the season, not necessarily 
in the summer, being usually dense in structure and without conspicuous pores. 

Decay.—Complete or partial disintegration of the cell walls, due to the growth of fungi. 

Sound.—Free from decay. : 

Solid.—Without cavities; free from loose heart, wind shakes, bad checks, splits or breaks, 
loose slivers, and worm or insect holes. 

Wane.—A deficient corner due to curvature or to taper of the log. 

Square Cornered.—Free from wane. 

Knot.—The hard mass of wood formed in a trunk at a branch, with the grain distinct and 
separate from the grain of the trunk. 

Cross-Grain.—The gnarly mass of wood surrounding a knot, or grain injuriously out of 
parallel with the axis. 

Wind Shake.—A crack or fissure, or a series of them, caused durinz growth. 


STANDARD DEFECTS OF STRUCTURAL TIMBER.* 


The standard defects included in the following list are mostly such as may be termed natural 
defects, as distinguished from defects of manufacture. The latter have usually been omitted, 
because the defects of manufacture are of minor significance in the grading of structural timber: 

Sound Knot.—A sound knot is one which is solid across its face and is as hard as the wood 
surrounding it. It may be either red or black, and is so fixed by growth or position that it will 
retain its place in the piece. 

Loose Knot.—A loose knot is one not firmly held in place by growth or position. 

Pith Knot.—A pith knot is a sound knot with a pith hole not more than } in. in diameterf 
in the center. 

Encased Knot.—An encased knot is one which is surrounded wholly or in part by bark or 
pitch. Where the encasement is less than } in. in width on each side, nor exceeding one-half the 
circumference of the knot, it shall be considered a sound knot. 

Rotten Knot.—A rotten knot is one not as hard as the wood surrounding it. 

Pin Knot.—A pin knot is a sound knot not over 4 in. in diameter. 

Standard Knot.—A standard knot is a sound knot not over 14 in. in diameter. 

Large Knot.—A large knot is a sound knot, more than 13 in. in diameter. 

Round Knot.—A round knot is one which is oval or circular in form. 

Spike Knot.—A spike knot is one sawn in a lengthwise direction. The mean or average 
diameter shall be taken as the size of these knots. 

Pitch Pockets.—Pitch pockets are openings between the grain of the wood, containing more 
or less pitch or bark. These shall be classified as small, standard and large pitch pockets. 

Small Pitch Pocket.—(a).—A small pitch pocket is one not over } in. wide. 

Standard Pitch Pocket.—(b).—A standard pitch pocket is one not over 2 in. wide nor over 
3 in. in length. 

Large Pitch Pocket.—(c).—A large pitch pocket is one over 3 in. wide, or over 3 in. in length. 

; Pitch Streak.—A pitch streak is a well-defined accumulation of pitch at one point in the 
piece. When not sufficient to develop a well-defined streak, or where the fiber between grains, 


that is, the coarse grained fiber, usually termed “spring wood,” is not saturated with pitch, it 
shall not be considered a defect. 


* Adopted by Am. Ry. Eng. Assoc., Vol. 8, 1907. 


+ Measurements which refer to the diameter of knots or holes shall be considered as the mean 
or average diameter in all cases. 
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Shakes.—Shakes are splits or checks in timber which usually cause a separation of the 
wood between annual rings. ; 

Ring Shake.—An opening between annual rings. 

Through Shakes.—A shake which extends between two faces of a timber. 

Rot, Dote and Red Heart.—Any form of decay which may be evident either as a dark red 
discoloration not found in the sound wood, or by the presence of white or red rotten spots, shall be 
considered as a defect. 

Wane.—(See definition under the subject of Structural Timber.) 

Note.—See additional definitions of defects under Structural Timber. 


PILES AND PILE Drivina.* 


The following definitions and the principles of Pile Driving have been adopted by the Ameri- 
can Railway Engineering Association. 


Pile.—A member usually driven or jetted into the ground and deriving its support from the 
underlying strata, and by the friction of the ground on its surface. The usual functions of a 
pile are: (a) to carry a superimposed load; (b) to compact the surrounding ground; (c) to form a 
wall to exclude water and soft. material, or to resist the lateral pressure of adjacent ground. 
Head of Pile-—The upper end of a pile. 

Foot of Pile-——The lower end of a pile. 

Butt of Pile——The larger end of a pile. 

Tip of Pile-——The smaller end of a pile. 

Bearing Pile.—One used to carry a superimposed load. 

Screw Pile.—One having a broad-bladed screw attached to its foot to provide a larger bearing 


=y 


area. 
Disc Pile-—One having a disc attached to its foot to provide a larger bearing area. 

Batter Pile-—One driven at an inclination to resist forces which are not vertical. 

Sheet Pile.—Piles driven in close contact in order to provide a tight wall, to prevent leakage 
of water and soft materials, or driven to resist the lateral pressure of adjacent ground. 

Pile Driver.—A machine for driving piles. 

Hammer.—A weight used to deliver blows to a pile to secure its penetration. 

Drop Hammer.—One which is raised by means of a rope and then allowed to drop. 

Steam Hammer.—One which is automatically raised and dropped a comparatively short 
distance by the action of a steam cylinder and piston supported in a frame which follows the pile. 

Leads.—The upright parallel members of a pile driver which support the sheaves used to 
hoist the hammer and piles, and which guide the hammer in its movement. 

Cap.—A block used to protect the head of a pile and to hold it in the leads during driving. 

Ring.—A metal hoop used to bind the head of a pile during driving. 

Shoe.—A metal protection for the point or foot of a pile. 

Follower.—A member interposed between the hammer and a pile to transmit blows to the 
latter when below the foot of the leads. 

PILE-DRIVING—Principles of Practice.—(1) A thorough exploration of the soil by borings, 
or preliminary test piles, is the most important prerequisite to the design and construction of 
pile foundations. } 

(2) The cost of exploration is frequently less than that otherwise required merely to revise 
the plans of the structure involved, without considering the unnecessary cost of the structures 
due to lack of information. ; 

(3) Where adequate exploration is omitted, it may result in the entire loss of the structure, 
or in greatly increased cost. a 

(4) The proper diameter and length of pile, and the method of driving depend upon the result 
of the previous exploration and the purpose for which they are intended. 

(5) Where the soil consists wholly or chiefly of sand, the conditions are most favorable to 
the use of the water jet. : F 

(6) In harder soils containing gravel the use of the jet may be advantageous, provided 
sufficient volume and pressure be provided. : yal : : 

(7) In clay it may be economical to bore several holes in the soil with the aid of the jet before 
pein, the pile, thus securing the accurate location of the pile, and its lubrication while being 

riven. 

(8) In general, the water jet should not be attached to the pile, but handled separately. 

(9) Two jets will often succeed where one fails; in special cases a third jet extending a part 
of the depth aids materially in keeping loose the material around the pile. E 

(10) Where the material is of such a porous character that the water from the jets may be 


* For an elaborate bibliography on “Piles and Pile Driving” see Am. Ry. Eng. Assoc., Vol. 10. 
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dissipated and fail to come up in the immediate vicinity of the pile, the utility of the jet is uncer- 
tain, except for a part of the penetration. nis ee 

(11) A steam or drop hammer should be used in connection with the water jet, and used to 
test the final rate of penetration. m2 : 

(12) The use of the water jet is one of the most effective means of avoiding injury to piles 
by overdriving. part ob 

(13) There is danger from overdriving when the hammer begins to bounce. Overdriving is 
also indicated by the bending, kicking or staggering of the pile. 

(14) The brooming of the head of a pile dissipates a part, and in some cases all, of the energy 
due to the fall of the hammer. 

(15) The weight or the drop of the hammer should be proportioned to the weight of the 
pile, as well as to the character of the soil to be penetrated. 

(16) The steam hammer is more effective than the drop hammer in securing the penetration 
of a pile without injury, because of the shorter interval between blows. 

(17) Where shock to surrounding material is apt to prove detrimental to the structure, the 
steam hammer should always be used instead of the drop hammer. ‘This is especially true in the 
case of sheet piling which is intended to prevent the passage of water. In some cases also the 
jet should not be used. 

(18) In general, the resistance of piles, penetrating soft material, which depend solely upon 
skin friction, is materially increased after a period of rest. This period may be as short as fifteen 
minutes, and rarely exceeds twelve hours. 

(19) In tidal waters the resistance of a pile driven at low tide is increased at high tide on 
account of the extra compression of the soil. 

(20) Where a pile penetrates muck or a soft yielding material and bears upon a hard stratum 
at its foot, its strength should be determined as a column or beam; omitting the resistance, if any, 
due to skin friction. 

(21) Unless the record of previous experience at the same site is available, the approximate 
bearing power may be obtained by loading test piles. The results of loading test piles should 
be used with caution, unless their condition is fairly comparable with that of the piles in the 
proposed foundation. 

(22) In case the piles in a foundation are expected to act as columns the results of loading 
test piles should not be depended upon unless they are sufficient in number to insure their action 
in a similar manner, and they are stayed against lateral motion. 

(23) Before testing the penetration of a pile in soft material where its bearing power depends 
pels. or wholly, upon skin friction, the pile should be allowed to rest for 24 hours after 

riving. 

(24) Where the resistance of piles depends mainly upon skin friction it is possible to diminish 
the combined strength, or bearing capacity, of a group of piles by driving additional piles within 
the same area. 

(25) Where there is a hard stratum overlying softer material through which the piles are to 
pass to a firm bearing below, the upper stratum should be removed by dredging or otherwise, 
provided it would injure the piles to drive through the stratum. The material removed may be 
replaced if it is needed to provide lateral resistance. 

ace ced piles may be advantageously pointed, in some cases, to a 4-in. or 6-in. square 
at the end. 

(27) Piles should not be pointed when driven into soft material. 

(28) Shoes should be provided for piles when the driving is very hard, especially in riprap or 
shale, and should be so constructed as to form an integral part of the pile. 

(29) The use of a cap is advantageous in distributing the impact of the hammer more uni- 
formly over the head of the pile, as well as to hold it in position during driving. 

(30) The specification relating to the penetration of a pile should be adapted to the soil which 
the pile is to penetrate. 

_ , (31) It is far more important that a proper length of pile should be put in place without 
ey than that its penetration should be a specified distance under a given blow, or series of 
Ows. 


SPECIFICATIONS FOR TIMBER PILES.* 


RAILROAD HEART GRADE. 


1. This grade includes white, burr, and post oak, longleaf pine, Douglas fir, tamarack, Eastern 
_ white and red cedar, chestnut, Western cedar, redwood and cypress. 

2. Piles shall be cut from sound trees; shall be close grained and solid, free from defects, such 
as injurious ring shakes, large and unsound or loose knots, decay or other defects, which may 
materially impair their strength or durability. In Eastern red or white cedar a small amount of 
heart rot at the butt, which does not materially injure the strength of the pile, will be allowed. 

3. Piles must be butt cut above the ground swell and have a uniform taper from butt to tip. 
Short bends will not be allowed. A line drawn from the center of the butt to the center of the 
tip shall lie within the body of the pile. . 

4. Unless otherwise allowed, piles must be cut when sap is down. Piles must be peeled soon 
after cutting. All knots shall be trimmed close to the body of the pile. 

5. For round piles the minimum diameter at the tip shall be nine (9) in. for lengths not 
exceeding thirty (30) ft.; eight (8) in. for lengths over thirty (30) ft. but not exceeding fifty (50) 
ft., and seven (7) in. for lengths over fifty (50) ft. The minimum diameter at one-quarter of the 
length from the butt shall be twelve (12) in. and the maximum diameter at the butt twenty (20) in. 

6. For square piles the minimum width of any side of the tip shall be nine (9) in. for lengths 
not exceeding thirty (30) ft.; eight (8) in. for lengths over thirty (30) ft. but not exceeding fifty 
(50) ft., and seven (7) in. for lengths over fifty (50) ft. The minimum width of any side at one- 
quarter of the length from the butt shall be twelve (12) in. 

7. Square piles shall show at least eighty (80) per cent heart on each side at any cross-section 
of the stick, and all round piles shall show at least ten and one-half (104) in. diameter of heart 
at the butt. 

RAILROAD FALSEWORK GRADE. 


8. This grade includes red and all other oaks not included in R. R. Heart grade, sycamore, 
sweet, black and tupelo gum, maple, elm, hickory, Norway pine, or any sound timber that will 
stand driving. 

g. The requirements for size of tip and butt, taper and lateral curvature are the same as for 
R. R. Heart grade. 

to. Unless otherwise specified piles need not be peeled. 

11. No limits are specified as to the diameter or proportion of heart. 

12. Piles which meet the requirements of R. R. Heart grade except the proportion of heart 
specified will be classed as R. R. Falsework grade. 

GUARD RAILS AND GUARD TIMBERS.—In 1912 the American Railway Engineering 
Association made an investigation of the use of guard rails and guard timbers for timber trestles 
and bridges and adopted the following report based on replies from 61 railroads. 

1. It is recommended as good practice to use guard timbers on all open-floor bridges, and ~ 
same shall be so constructed as to properly space the ties and hold them securely in their places. 

2. It is recommended as good practice to use guard rails to extend beyond the end of the 
bridges for such a distance as required by local conditions, but that this length in any case be not 
less than fifty feet; that guard rails be fully spiked to every tie and spliced at every joint, the guard 
rail to be some form of metal guard rail. 

3. It is recommended that the guard timber and guard rail be so spaced in reference to the 
track rail that a derailed truck will strike the guard rail without striking the guard timber. 

4. The height of the guard rail to be not over one inch less in height than the running (track) 


rail. 

TIMBER TRESTLES.—The details of the design of timber trestles depends upon the loading, 
the details of the floor system, the available timber and upon the designer. The length of panels 
varies from 12 ft. to 16 ft., with 14 ft. as a fair average panel length. 

Pile Trestles.—The details of the standard pile trestle with open floor of the N. Y., N. H. & 
H. R. R. are given in Fig. 1. The number and arrangement of the piles in the bents are shown. 
The bents are 12 ft. center to center. The stringers are 24 ft. long and are placed to span two 
panels and to break joints. The tops of the caps are covered with No. 20 flat galvanized iron to 
protect the trestle from fire. The details of washers, packing blocks, drift bolts, etc., are shown 
on the plans. 


* Adopted, Am. Ry. Eng. Assoc., Vol. 10, 1909. 
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General Nates:~ 
Al steel forgings shall be properly annealed. and no 

welds wil! be permitted. ike e clamps must be free 
from warp or twist with inside corners square and 
at right angles lo the longitudinal axis of the 
member. The surlaces oF both clamps and wedges 
must be finished where called for, The workmanship 

Wedge- ioe rh ay and finish shall contorm lo the best practice tn 
Miler ~ Steel modern bridge shops. 
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Frame Trestles.—The details of the standard frame trestle with open floor of the,N. Y., 
N. H. & H. R. R. are given in Fig. 2. The bents are spaced 12 ft. center to center. The floor 
system is the same as for pile trestles. The frame trestle may be supported on a pile foundation, — 
upon timber sub-sills (mudsills) or on concrete pedestals. Timber sub-sills soon decay and 
should be used only for temporary trestles. Other data and details are shown or the plans. 

The plans of a standard frame trestle designed and built by the Illinois Central Railroad are - 
given in Fig. 3. The bents are spaced 14 ft. centers, while the stringers are 28 ft. long and cover 
two panels. The- details of the track and the guard rails are not shown. A complete bill of 
timber and iron for one bent and one panel of the floor are given in Fig. 3. The standard frame 
trestle may be carried on mudsills (sub-sills) as shown in Fig. 3, or on piles or concrete pedestals 
as shown in Fig. 2. : 

Detail plans of a pile trestle with ballasted deck are given in Fig. 4. 

TIMBER HOWE TRUSSES.—Plans of a standard 150 ft. span Howe truss designed and 
erected by the C. M. & P. S. Ry. are shown in Fig. 5, Fig. 6, and Fig. 7. This bridge was designed 
for Cooper’s E 55 Loading, with the allowable unit stresses as given in the American Railway 
Engineering Association Specifications for Timber Bridges and Trestles. The bill of lumber is 
given in Table I; the bill of castings and bolts is given in Table II; the bill of upset vertical rods 
is given in Table III, and the bill of lateral rods is given in Table IV. The following additional 
specifications were given on the plans. 

TABLE I. 


Bitt OF TIMBER FOR ONE 150 FT. HowE Truss SPAN. 


Size, In. | Length, Ft.-In. Location. Size, In. | Length, Ft.-In. Location. 


28-33 Diag. Posts. 
22-0 Portal. 
14-0 “ 
9-0 Bott. Laterals. 
8-7 ““c ‘6 


10 X 14 12-6 Top Chord. 


“ce 


> 
(73 


_ 


Corbels. 
Diag. Posts. 
“cr “ 


Floorbeams. 
Stringers. 
“ 


On 


~ 
PPNOP DRY NH NHK OPK HHA OP HH HAH HWY HP DN OO 


8 X I0 Ties. 
6X8 Guard Rail. 
4 SK 8 “ce “ 


2 
2) 
2 
2 
2 
2 
2 
2 
2 
6 
2 
4 
a 
4 
4 
2 
2) 
fo) 
4 
4 
8 
8 
6 
2 
8 
8 
8 
8 
2 
8 
8 
4 
4 


Lengths given for Top and Bottom Laterals are longer than finished lengths. 
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BILL OF CASTINGS AND BOLTS FOR HOWE TRUSS BRIDGE. 


BILL oF CASTINGS, BOLTS, ETC. FOR ONE 150 FT. Howe Truss SPAN. 


Slot Washers for I in. Bolts. : 


3 


oe (73 ce (73 


6 in. X 4 in. ie in, x 38 ft 
5% in. Guard Angles... 
Gam xX 4 in: < Fin. X 
39 ft.-72 in. Guard Angles. 
Packing Washers 


coo! lee 
Wileclcesmmmen eerie yc stele wiste 4 le cs 


Bearing Plates 
Bearing Channels 


Angle Blocks. . : 
Dowels ¢ in. x o ft. “11 in. 


Description. 


Dowels § in. X o ft.-9 in. 
Dowels § in. X a ft=3 10s 
Spikes 2 in. X 3 $ in 
8 in. x? in. 
4 in. xX 3 z Ins 
Drift Bolts 4 7H lly OS, “ft. 8 in.. 
Bolts 1 in. X 1 ft.-11 in. 
Sq. H&N 
Bolts 1 in. X 
Sq. A &N 
Bolts } in. X 
$q. H&N ote 
Bolts $ in. X 4) ft.—4 7 in. 
Sq. H & N 23 in. thd 
Bolts % in. X 
Sq. A &N 
Bolts } in. X 3 ft.-8$ in. 
Sq. H & N 23 in. thd 
Bolts § in. X 3 ft.-93 in. 
Sqe liga iN 25 inertird sae 
Bolts % in. X 3 ft.-4 in. 
Sq. H & N 23 in. thd..... 
Bolts 2 in. X 1 ft.—9? in. 
Sq. H & N 23 in. thd 
Bolts ¢ in. X 2 ft.-3$ in. 
Sqadisce Nop nin thd 
Bolts 2 in. X 2 ft.-3? in. 
Sq. H & N 23 in. thd...... 
arg - in. X 2 ft.-43 in. 
H & N 23 in. thd.. 
Bolts 3 Sin. X 2 ft.6} in. 
q. H & N 23 in. thd. 
Bolts 3 Zin. X 2 ft.-103 in. 


iz4 


q. H & N 23 1 in, thd’... ..|. 


Bel | ae x 35 ft.—23 in. 
H & N 23 in. thd 
Bolts SD egitte 5 a ills 

Sep del CeIn) Br sil, WeGlon cee c 
Bolts $ in. X 4 ft.-12 in. 

Sq. H & N 23 in. thd...... 
Bolts $ in. X 4 ft. —3> in. 

Sq. H& N 23 1 in. thd... ... 
Bolts 2 in. X 4 ft.-43 in. 

Sq. H & N 23 i in. thd...... 
Bolts 2 in. X 1 ft.-3 in. 

Sq. H & N 23 in. thd 
Recess Washers. sar 
Special Bolts ¢ in. as ft.. 
Lateral Angle Blocks. . 

Angle Blocksstan shire heer 
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“Outer 6 in. X 8 in. Guard Rails are notched for ties, spiked to each tie with one 9 in. X # in. 
spikes. Each tie to be spiked to stringers with 3 in. X 14 in. spikes. Stringers drift-bolted to 
floorbeams with 2 in. X 18 in. drift bolts. All } in., jin. and 1 in. bolts to be provided with one 
O. G. and one slot washer. All contacts of wood and wood to be painted with white lead. Corbels 
to be creosoted. All holes bored in chord sticks to be creosoted. Inner 4 in. X 8 in. Guard 
Rails bolted at center and ends of each piece, spiked to each tie not bolted, with one 8 in. X # in. 
spike and spliced. The 6 in. X 4 in. X 3 in. guard rail is bolted at ends and at intervals of not 
over 3 ties with 2 in. special bolts. Leave } in. opening between ends of Guard Rail angles.” 

The detail plans of a timber Howe truss railway bridge with an 80 ft. span are given in Fig. 8 
and Fig. 9. This bridge was designed for Cooper’s E 55 loading for the allowable stresses given 
in the specifications of the American Railway Engineering Association. The details and a bill 
of materials are given on the plans. 


TABLE TIT. TABLE IV. 
Bit oF Upset VERTICAL Rops FOR ONE 150 FT. Bit oF LATERAL Rops FOR ONE 150 
Howe Truss SPAN. FT. Howe Truss SPAN. 


Diameter of Upsets. 

Section Leneth Diameter of | Length of 
see Ry. Eng. | No. of Pes. eS , Rodi Act! Thread 
& M. of Ft.-In. In. scp ” In. 


W., In. 


Length, Ft.-In. 
Diam., In, | U: 8. Std., 


rae 


3 
4 
i 
2 
i 
2 
iL 
4 
i 
4 


YH HWWW 


8 
38 
3 
3 
23 
2i 


2 
2 
2 
2 
2 
2 


Colca Ha|Co wa |Oo 
RO) RH BO|# bo] wo 


Diameter of Upset “U” based on number of threads per 
inch. 

Length of upsets “‘M” to be in accord with shop stand- 
ards. 
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HIGHWAY TIMBER TRESTLES AND BRIDGES.—Details of a highway crossing of 
the Illinois Central Railroad are given in Fig. 10 and Fig. 11. 

A combination timber and iron bridge is shown in Fig. 12; while a short span-timber highway 
bridge is given in Fig. 13. 

For additional details of timber highway bridges, see the author’s “ The Design of High- 
way Bridges.” 


SPECIFICATIONS FOR WORKMANSHIP FOR PILE AND FRAME TRESTLES TO 
BE BUILT UNDER CONTRACT.* 


1. Site-—The trestle to be built under these specifications is located on the line of 


esc e eevee 


sea Eta Railroad’ ato)... cesses ss cen COUNTY: Of: ieee a ate OU ATOM 

2. General Description.—The work to be done under these specifications covers the driving, 
framinguand erection Of ai..). 3. testi sees = track wooden trestle about .......... ft. long and 
aA VELAy ClOLME Nour ce ft. high. 


GENERAL CLAUSES. 


3. The contractor shall furnish all necessary labor, tools, machinery, supplies, temporary 
staging and outfit required. He shall build the complete trestle ready for the track rails, in a 
workmanlike manner, in strict accordance with the plans and the true intent of these specifica- 
tions, to the satisfaction and acceptance of the engineer of the railroad company. 

4. The workmanship shall be of the best quality in each class of work. Details, fastenings 
and connections shall be of the best method of construction in general use on first class work. 


* Adopted by American Railway Engineering Association. 


HIGHWAY CROSSING. : 293 


5. Holes shall be bored for all bolts. The depth of the hole and the diameter of the auger 
to be lee by the engineer. 

6. Framing shall be accurately fitted; no blocking or shimmi ill be all i ing 
joints. Timbers shall be cut off with the saw; no axe ie be used. ee hia maroc ae 

7. Joints and points of bearing, for which no fastening is shown on the plans, shall be fastened 
as specified by the engineer. 
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Fic. 10. HicHway Crossinc. ILLINOIS CENTRAL RAILROAD. 


8. The engineer or his authorized agents shall have full power to cause any inferior work 
to be condemned, and taken down or altered, at the expense of the contractor. Any material 
destroyed by the contractor on account of inferior workmanship or carelessness of his men is to 
be replaced by the contractor at his own expense. ; 
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9. Figures shown on the plans shall govern in preference to scale measurements; if any 
discrepancies should arise or irregularities be discovered in the plans, the contractor shall call 
on the engineer for instructions. These specifications and the plans are intended to co-operate, 
and if any question arises as to the proper interpretation of the plans or specifications, it shall be 


referred to the engineer for a ruling. 


~O Ba Aes Ss n 7 & es 
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Bént Plate longn L+/10 ‘ong. Upset each end of, yod to 2. diameter. 
2-Regd., Length of upsetB: Thread 6: 


Fic. 11. DETAILS oF HIGHWAY CROSSING. ILLINOIS CENTRAL RAILROAD. 


10. The contractor shall, when required by the engineer furnish a satisfactory watchman to 


guard the work. 
11. On the completion of the work, all refuse material and rubbish that may have accumu- 


lated on top or under and near the trestle, by reason of its construction, shall be removed by the 
contractor, 
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COMBINATION HIGHWAY BRIDGE. 
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Fic. 13. DETAILS OF A TIMBER HIGHWAY BRIDGE. 


DETAIL SPECIFICATIONS. 


12. Piles.—Piles shall be carefully selected to suit the place and ground where they are to 
be driven. When required by the engineer, pile butts shall be banded with iron or steel for 
driving, and the tips with suitable iron or steel shoes; such shoes will be furnished by the railroad 
company. 

13.—Piles shall be driven to a firm bearing, satisfactory to the engineer, or until five blows 
of a hammer weighing 3,000 lb., falling 15 feet (or a hammer and fall producing the same mechan- 
ical effect), are required to cause an average penetration of one-half (4) in. per blow, except in 
soft bottom, where special instructions will be given. : 

14.—Batter piles shall be driven to the inclination shown by the plans, and shall require but 
slight bending before framing. 

15.—Butts of all piles in a bent shall be sawed off to one plane and trimmed so as not to 
leave any horizontal projection outside of the cap. 

16.—Piles injured in driving, or driven out of place, shall either be pulled out or cut off, 
and replaced by new piles. 

17. Caps.—Caps shall be sized over the piles or posts to a uniform thickness and even bearing 
on piles or posts. The side with most sap shall be placed downward. 

18. Posts.—Posts shall be sawed to proper length for their position (vertical or batter), and 
to an even bearing on cap and sill. 

19. Sills.—Sills shall be sized at the bearing of posts to one plane. : 

20. Sway Braces.—Sway bracing shall be properly framed and securely fastened to piles or 
posts. When necessary for pile bents, filling pieces shall be used between the braces and the 
piles on account of the variation in size of piles, and securely fastened and faced to obtain a 
bearing against all piles. 

21. Longitudinal Braces.—Longitudinal X-braces shall be properly framed and securely 
fastened to piles or posts. 
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22. Girts.—Girts shall be properly framed and securely fastened to caps, sub-sills, posts or 
piles, as the plans may require. 

23. Stringers.—Stringers shall be sized to a uniform height at supports. The edges with 
most sap shall be placed downward. 

24. Jack Stringers.—Jack stringers, if required on the plans, shall be neatly framed on 
caps, and their tops shall be in the same plane as the track stringers. 

25. Ties.—Ties shall be framed to a uniform thickness over bearings, and shall be placed 
with the rough side upward. They shall be spaced regularly, cut to even length and line, as 
called for on the plans. 

26. Guard Rails.—Timber guard rails shall be framed as called for on the plans, laid to line 
and to a uniform top surface. ‘They shall be firmly fastened to the ties as required. 

27. Bulkheads.—Bulkheads shall be of sufficient dimensions to keep the embankment clear 
of the caps, stringers and ties, at the end bents of the trestle. There shall be a space not less 
than two (2) in. between the back of end bent and the face of the bulkhead. The projecting 
ends of the bulkhead shall be sawed off to conform to the slope of the embankment, unless other- 
wise specified. 

28. Time x ee cae work shall be completed in all its parts on or before ........ 
eedst eis te dee ee DeeTOw. 

29. Payments.—Payments will be made under the usual regulations of the railroad company. 


SPECIFICATIONS FOR METAL DETAILS USED IN WOODEN BRIDGES AND TRESTLES. 


30. Wrought-iron.—Wrought-iron shall be double-rolled, tough, fibrous and uniform in 
character. It shall be thoroughly welded in rolling and be free from surface defects. When 
tested in specimens of standard form shall give an ultimate strength of at least 50,000 lb. per sq. 
in., an elongation of 18 per cent in 8 in., with fracture wholly fibrous. Specimens shall bend cold, 
with the fiber, through 135 degrees, without sign of fracture, around a pin the diameter of which 
is not over twice the thickness of the piece tested. When nicked and bent, the fracture shall show 
at least 90 per cent fibrous. 

31. Steel.—Steel shall be made by the open-hearth process and shall be of uniform quality. 
It shall contain not more than 0.05 per cent sulphur; if made by the acid process it shall contain 
not more than 0.06 per cent phosphorus, and if made by the basic process not more than 0.04 
. per cent phosphorus. When tested in specimens of standard form, or full sized pieces of the 
same length, it shall have a desired ultimate tensile strength of 60,000 lb. per sq. in. If the 
ultimate strength varies more than 4,000 lb. from that desired, a retest shall be made on the 
same gage, which to be acceptable, shall be within 5,000 lb. of the desired ultimate. It shall 

a esis and shall bend cold with- 
ult. tens. strength 
out fracture 180 degrees flat. The fracture for tensile tests shall be silky. 

32. Castings.—Except where chilled iron is specified, castings shall be made of tough gray 
iron, with sulphur not over 0.10 per cent. They shall be true to pattern, out of wind and free 
from flaws and excessive shrinkage. If tests are demanded, they shall be made on the “Arbi- 
tration Bar”’ of the American Society for Testing Materials, which is a round bar 1} in. in diameter 
and 15 in. long. The transverse test shall be made on a supported length of 12 in., with load at 
middle. The minimum breaking load so applied shall be 2,900 lb., with a deflection of at least 
zo in. before rupture. ‘ 

33. Bolts.—Bolts shall be of wrought-iron or steel, made with square heads, standard size, the 
length of thread to be 24 times the diameter of bolt. The nuts shall be made square, standard size, 
with thread fitting closely the thread of bolt. Threads shall be cut according to U. S. standards. 

34. Drift Bolts.—Drift bolts shall be of wrought-iron or steel, with or without square head, 
pointed or without point, as may be called for on the plans. ; 

35. Spikes.—Spikes shall be of wrought-iron or steel, square or round, as called for on the 
plans; steel wire spikes, when used for spiking planking, shall not be used in lengths more than 
6 in.; if greater lengths are required, wrought or steel spikes shall be used. ‘ 

36. Packing Spools or Separators.—Packing spools or separators shall be of cast-iron, made 
to size and shape called for on plans; the diameter of the hole shall be } in. larger than diameter 
of packing bolts. 

37. Cast Washers.—Cast washers shall be of cast-iron. The diameter shall be not less than 
34 times the diameter of bolt for which it is used, and its thickness equal to the diameter of bolt; 
the diameter of hole shall be 4 in. larger than the diameter of the bolt. : 

38. Wrought Washers.—Wrought washers shall be of wrought-iron or steel, the diameter 
shall be not less than 33 times the diameter of bolt for which it is used, and not less than { in 
thick. The hole shall be 4 in. larger than the diameter of the bolt. . ; 

39. Special Castings.—Special castings shall be made true to pattern, without wind, free from 
flaws and excessive shrinkage, size and shape to be as called for by the plans. 


have a minimum percentage of elongation in 8 in. of 
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WorKING UNiT-STRESSES FOR STRUCTURAL TIMBER EXPRESSED IN Pounps PER SQUARE 
INcH.* 

Note-—The working unit-stresses given in Table V are intended for railroad bridges and 
trestles. For highway bridges and trestles the unit-stresses may be increased twenty-five (25) 
percent. For buildings and similar structures, in which the timber is protected from the weather 
and practically free from impact, the unit stresses may be increased fifty (50) per cent. To 
compute the deflection of a beam under long-continued loading instead of that when the load is 
first applied, only fifty per cent of the corresponding modulus of elasticity given in the table is 


to be employed. 
TABLE V. 


Unit STRESSES FOR STRUCTURAL TIMBER EXPRESSED IN POUNDS PER SQUARE INCH. 
AMERICAN RAILWAY ENGINEERING ASSOCIATION. 


Bending. Shearing. Compression. 


Extreme | Modulus | paratte] |Longitudi-|Perpen-| parallel to 
Fiber of to Grain. |nal_Shear| dicular Grain. 


: . | Elasticity. in Beaind: a: 
Kind of Timber. Stress asticity in Beams. |toGrain 


For Col’s under 15 
Diam., Safe Stress. 
c= for Safe 
Stress in Long 
Ea over I5 
Diams. 
= Ratio of Length of 
° Stringer to Depth. 


Average 
Ultimate. 
Average 
Ultimate. 
Average 
Ultimate. 
Average 
Ultimate. 
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Western hemlock|5800 1,480,000 100/440|220 (x 
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Note —These unit stresses are for a green condition of timber and are to be used without in- 

| creasing the live load stresses for impact. 

REFERENCES. 
consulted : 

Foster’s ‘A Treatise on Wooden Trestle Bridges,” John Wiley & Sons, gives data and 
details of the design of timber trestles. ; 

Jacoby’s “ Structural Details ; Design of Heavy Framing,’ John Wiley & Sons, gives data 
and details of the design of timber trestles and timber structures, and is the best book on tim- 
ber construction. Every engineer interested in the design of timber structures should have a 
copy of Jacoby’s “ Structural Details.” 


* Adopted, Am: Ry. Eng. Assoc., Vol. 10, 1909. 
f Partially air-dry. l= length i in inches. d = least side in inches. 
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CHAPTER VIII. 
STEEL BIns. 


Stresses in Bin Walls.—The problem of the calculation of pressures on bin walls is similar 
to the problem of the calculation of pressures on retaining walls; but in the case of bin walls the 
material is limited in extent and the condition of static equilibrium is disturbed by drawing the 
material from the bottom of the bin. For plane bin walls where the plane of rupture cuts the 
free surface of the material (shallow bins), the formulas developed for retaining walls are directly 
applicable if friction on the wall is considered. The graphic solution will be found the simplest 
and most direct for any particular case. The following analyses of the calculations of stresses in 
bins have been abstracted from the author’s “The Design of Walls, Bins and Grain Elevators,” 
second edition. 

STRESSES IN SHALLOW BINS.—The problem of the calculation of the pressures on 
bin walls is the same as the problem of the calculation of pressures on retaining walls. The forces 
acting on bin walls depend upon the weight, angle of repose, moisture, etc., of the material, which 
are variable factors, but are less variable than for the filling of retaining walls. 

Algebraic Solution.—The same nomenclature will be used as in retaining walls except that P’ 
will be used to indicate the pressure obtained by means of Cain’s formulas when z = ¢’, N’ will 
indicate the normal component of P’, and N will indicate the normal pressure on the wall when 
¢’ =0. This analysis applies to shallow bins, only.* 


Case 1. Vertical Wall, Surface Level. Anglez = ¢’. Fig. 1. 


P! = jw} - eee (1) 
cos ¢’ € pm ae a (¢ + ¢’) fae)! 
cos ¢’ 
NO Pa cost (2) 
If ON = 
P’=1 ft 2 COS OE (3) 
ie (1 + sin V2)? 2 
N’ = P'-cos ¢ (4) 
B 
i are ae ee 
/ 2 
if era 
i 4 pg 
VV A pees: 
Za aux 
Beet | Te hey 
Se A 
FIG. I. 
If ¢’ = 0, which corresponds to a smooth wall, 
N = 3w-h?-tan? (45° — ¢/2) (5) 


* A shallow bin is one where the plane of rupture cuts the free surface of the filling. 
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TABLE I. 
CONSTANTS FOR STEEL PLATE BINS, CASE I. 


, ¢ s 
Material. Degrees. Degrees. 


Bituminous coal........ 35 
Anthracite coal 27 
34 
40 


Case 2. Vertical Wall, Surface Surcharged at Angle 6. Anglez = ¢’. Fig. 2. 


2 
aes oe $) sin (6 — 8) )* e 
; sin si _ ) 
cos'e (: +1 cos ¢’:+cos 6 
N’-= P’-cos ¢’ (7) 
If 5=¢ 
1 = Igy .72008 
iP 3w°h oni (8) 
N’ = P’-cos ¢’ = tw-h®-cos? d (9) 
lf ¢’ =0 
N = 4w-h?-cos? é {10) 


TABLE II. 
CONSTANTS FOR STEEL PLATE BINS, CASE 2. 6 = ¢. 


‘ $ 
Material. Degrees. Degrees. 


Bituminous coal........ 
Anthracite coal 


Case 3. Vertical Wall, Surcharge Negative = §. Anglez = ¢’. Fig. 3. 


2 
ae oes eeu (11) 


cos¢"( 1 eae (@ + 4’) sin (6 +a) 


cos ¢’-cos 6 


N’ = P’-cos ¢! (12) 
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If Gi 10 
2 
ON ae cos* ¢ 
one ae (LEC ¢@ sin (6 + 3) \? (13) 
cos 6 


Fic. 3. 
‘PABUE li Te 


CONSTANTS FOR STEEL PLATE Bins, CASE 3. 6 = —@. 


¢! 


Material. Degrees. 


Bituminous coal 
Anthracite coal 


Case 4. Wall Sloping Outward. 86 <90°+¢’. Surface Level. Fig. 4. 


sin? (9 — $) 
sin (@" +0) sin? (x + ee are Tend)’ 
N’ = P'-cos (rs) 


P= Ww? (14) 


Fic. 4. 
Case 5. Wall Sloping Outward. 6 <90°+ ¢’. Surface Surcharged. Fig. 5. 


sin? (9 — ¢) 


ie ‘ sin (¢ + ¢’) sin (6 — 6))* 
sin (¢’ + 8) sin® 6 ( Lh = (¢’ +6) sin (0 — ®) 


N’ = P’-cos ¢’ (17) 


P! = hw? (16) 
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Case 6. Wall Sloping Outward. 0 > 90° + ¢’. Surface Level. Fig. 6. 
P = 3w-I’-tan? (45° — ¢/2) 


FIG. 5. 
W = weight AN\ABC = lw-tan 0-h? 
E=VW+ P 
= }w-W?Vtan? 6 + tan? (45° — 4/2) (18) 
tan (6 +2 — 90°) = aa (19) 
Q = E-cos 2 
i asta, 


I 
“@+z-90° 
Fic. 6. 


For a wall sloping outwards, and sloping surface the use of formulas is cumbersome and the 
calculations can be more easily made by graphic methods as explained on succeeding pages. 

Tables of Pressure on Vertical Bin Walls——The normal pressure on vertical bin walls as 
calculated by the preceding formulas for bituminous coal, anthracite coal, sand, and ashes are 
given in Table IV, Table V, Table VI, and Table VII, respectively. In the tables column 1 gives 
the normal pressure for a smooth vertical wall and horizontal surcharge, while column 4 gives 
the normal pressure on a rough wall with an angle of friction = ¢’. Column 2 gives the normal 
pressure for a smooth vertical wall and a surcharge = ¢, while column 5 gives the normal pressure 
on a rough wall with an angle of friction = ¢’._ Column 3 gives the normal pressure for a smooth 
vertical wall and a negative surcharge = — ¢, while column 6 gives the normal pressure on a 
rough wall with an angle of friction = ¢’._ It will be seen that the pressures in columns 2 and 5 
are identical. For a vertical wall with 6 = ¢, the normal pressures as given by Rankine’s and 
Cain’s formulas are identical. 


These tables have been taken from the author’s “‘The Design of Walls, Bins and Grain 
Elevators.’’ The tables of pressures and the formulas were first published in a modified form 
by Mr. R. W. Dull, in Engineering News. 


PRESSURE OF BITUMINOUS COAL. 305 


The total pressures are given for a wall one foot long in all cases. 

Note.—These tables apply to shallow bins only (bins where the plane of rupture cuts the 
free surface of the filling). For the calculation of the stresses in deep bins (bins where the plane 
of rupture cuts the side of the bin) see Chapter IX, Steel Grain Elevators, 


TABLE IV. 


TOTAL PRESSURE IN PouNDsS FoR DeptH ‘“h’’ ror BITUMINOUS COAL. 
WALL ONE Foot Lone. 


w =50 lb., ¢ = 35°. 


Smooth Wall, ¢’ = 0. Rough Wall, Angle of Friction = ¢’ = 18°. 


Depth, h, 
in Feet. 


I 
2 
3 
4 
5 
6 
7 
8 
9 
fe) 
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TABLE V. 


ToTAL PRESSURE IN POUNDS FOR DeEptTH “h’’ FoR ANTHRACITE COAL. 
WALL ONE Foot Lona. 


w= 52 |b., ¢ = 27°. 


Smooth Wall, ¢’ = o. Rough Wall, Angle of Friction = ¢’ = 16°. 


Depth, h, 
in Feet. 


I 
2 
3 
4 
5 
6 
7 
8 
9 
ro) 
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TABLE VI. 


TOTAL PRESSURE IN PouNDS FoR DeptTH ‘“‘h’”’ FoR SAND. 
WALL ONE Foot Lone. 


w = 90 lb., ¢ = 34°. 


Smooth Wall, ¢’ =o. Rough Wall, Angle of Friction = ¢’ = 18°. 


2 


oD 


“F 


da= 18e 
10.93 
43-7 
98.5 
175 
273 


394 


585) 
700 
885 


I 
2 
3 
4 
5 
6 
7 
8 
9 
fo) 


21 
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TABLE VII. 


ToTaL PRESSURE IN POUNDS FOR DEPTH “‘h’”’ ror ASHES. 
WALL ONE Foot Lona. 


w = 40 lb., ¢ = 40°. 


Smooth Wall, ¢’ = 0. Rough Wall, Angle of Friction = ¢’ = 31°. 


Depth, h, 
in Feet. 


I 
2 
3 
4 
5 
6 
7 
8 
9 
° 


STRESSES IN SHALLOW BINS. 307 


STRESSES | IN SHALLOW BINS, Graphic Solution.—The graphic solution will be given 
for two cases which frequently occur in practice. 

Graphic Solution. Hopper Bin, Level Full.*—The calculation of stresses in bins by means 
of graphics will be illustrated by the following problem taken from ‘The Design of Walls, Bins 
and Grain Elevators.” A cross-section of the bin shown in Fig. 7 is filled with coal weighing 58 
Ib. per cu. ft., and having an angle of repose ¢ = 30°. The total pressure on the plane A—H is 

P= dw ene 
1 = 3w-h Topas 3,130 lb. 
acting horizontally through a point 12 ft. below the top surface. Now, to find the pressure P, 
on the plane G—A, produce until it intersects the line O; = the weight of triangle AHG = 10,440 


! Surface of j 
Materfal- 


Weight of Coal 56/bs. per cu.ft. 
Angle of Kepose $=30. 


Ib. at O, and by constructing O-r = P, = 10,860 lb. Pz» is parallel to Ein Fig. 7. The normal 
pressure on A~g is 9,900 lb. Now A-1 = 9,900 lb. acts through the center of gravity of triangle 
AG4, and is equal to the area of AG4 X w. The normal unit pressure at A is 733 Ib. per sq. ft., 
and the normal unit pressure at B is 320 lb. per sq. ft. The normal pressure on A B acts through 
the center of gravity of the shaded area, and is N = 7,850 lb. Also by construction E = 8,600 lb. 
The pressure on bottom A-F is equal to 18 X 58 = 1,044 lb. per sq. ft. The pressure on the 
wall C-B is 
P; = wl? a 620 Ib. 

Calculation of Stresses in Framework.—The loads on the bin walls are carried by a transverse 
framework as shown in Fig. 8, spaced 17 ft. 0 in. center to center. The loads at the joints act 
parallel to the pressures as previously calculated, and the loads can be calculated in the same 
manner as for a simple beam loaded with a similar loading. The stresses are calculated by graphic 
resolution and by algebraic moments as shown in Fig. 8 and Fig. 9. 

Hopper Bin, Top Surface Heaped.—The bin in Fig. 10 is heaped at the angle of repose, 
¢ = 30°. To calculate the pressure on side A—B, proceed as follows: Locate points G and H, 


* The calculations are made for a section of the bin one foot long. 
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€9 
Stress Diagram 
Center of Moments, £ « Left Side 
Stress GD. 
-GO x 6.5 ~3520 x 8'=0 
6D =-4330 
Stress FC. 
-FGx/1'-3520x 8 =O 
FC=-2560 
Center of Moments yf. 
Stress Gri. 
-GHx/0~3520x/8 {7040x10" 65000 x/3.5 =0 
G1 =-/01/00 
Stress GE. 
= CEx10°+4330X8-3520Xx /8-7040x10 
-65000x/3.5=0 GE=-97700 


Center of (torments, CG. 

Stress ED. 
-EDx/143520x 820 
£0=+2560 

Stress FE. zt 
FEX74~3520x8-65000x10.5=0 
FE=+ 96000 

Stress AF. 3 
AF x10 + 81200x3265000x10.5" 

-3520x8'20 AF=+46700 ¥ Sed 


Algebraic Moments. 


Scale 


0 40000 


Column 230000 


FIG. 9. 


STRESSES IN SUSPENSION BUNKERS. 309 


and calculate the horizontal pressure P; = 7,680 Ib., acting on the plane H-K at } HK above H. 
Pressure P; was calculated by the graphic method. Produce P, until it intersects at O the line 
of action of the weight of the triangle GH K acting through the center of gravity of the triangle. 
From O lay off O-1 = W = 19,900 lb., acting downwards, and from 1 lay off 1-2 = P, = 7,680 
Ib., acting to the left. Then O-2 = P: = 21,300 lb. Now P» = area triangle 6/GH-w, and 
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E = area8’-B-A-5’-w = 11,340lb. Force acts through the center of gravity of area 8-B-A-5. 
The horizontal pressure on plane C—B = 1,400 lb. = area s’e’n’-w. The vertical pressure on 
the left-hand side of the bottom A-—F is 7,480 lb., acting through the center of gravity of the 
pressure polygon. The vertical unit pressure at A is 1,412 lb. per sq. ft. 

STRESSES IN SUSPENSION BUNKERS.—The suspension bunker shown in (a) Fig. 11, 
carries a load which varies from zero at the support to a maximum at the center. If the bunker 
is level full the loading from the supports to the center varies nearly as the ordinates to a straight 
line, while if the bunker is surcharged the straight line assumption for loading is more nearly 
correct. 

We will, therefore, assume that the loading of the bunker in (a) is represented by the tri- 
angular loading varying from p = zero at each support to a maximum of p = P at the center. 

Let / = one-half the span in feet; 

S = the sag in feet; 
H = the horizontal component of the stress in the plate in Ib. per lineal foot of bin; 
w = weight of bin filling in Ib. per cu. ft.; 
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T = maximum tension in plate in lb. per lineal foot of bin; 
V = reaction of the bunker in lb. per lineal foot of bin; 

C = capacity of bunker in cu. ft. per lineal foot of bin; 

B = origin of coordinates. 
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Now if the right-hand half of the bunker be cut away as in (b) and moments be taken about 
A, the moment will be 
i=, FS (20) 


If the bunker be assumed as an equilibrium polygon drawn by using a force polygon, the bending 
moment at the center is equal to the pole distance multiplied by the intercept S. Therefore H 
must be equal to the pole distance of the force polygon. 

The following equations are deduced in the author’s “The Design of Walls, Bins and Grain 
Elevators.” 

Equation of the curve of the bunker 


, y=3 > (3 - *) (21) 
Capacity of bunker level full 


C =H. ' (22) 


S. 
ce calculating P for any given bunker, since P is the maximum pressure for a triangular 
oading 


ee ee (23) 


for a bunker level full 


1 
P=3S-w (24) 
also 
G 


H = 35 (25) 
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V.=7C-w 
= $S-1-w, for a bin level full (26) 
Ta Cows)! Cao (27) 
an LOS : 


The length of the curve of a suspension bunker is given in Table VIII. 


TABLE VIII. 


LENGTH OF ONE-HaLr Curve, L. 


Sag ratio = S/l. Length, L. Sag ratio = S/l. Length, L. 


1.457221 
1.61131 


1.719061 
1.858151 


1.063 78/ 
1.13686] 


1.22992] 
1.28307] 
1.3665 1/ 


boleocalpca> ket 


QojmaH|O2C0]/bo bo] HA Co} 


~ 


The curve may be constructed graphically as follows: In (c) Fig. 11 it is required to pass 
the curve through the points A and B. The loads 1, 2, 3, 4, etc., are laid off in the force polygon 
(d), and a pole O is taken. The equilibrium polygon A—B’ is then constructed in (c). Now we 
know from graphic statics that if two poles be taken for the force polygon in (d), and corresponding 
equilibrium polygons be drawn through A, the strings meeting on the same load will intersect on a 
line through A parallel to the line O-O’. Now D is determined by the intersection of rays D-B’ 
and D-B. The true curve is then easily constructed and pole O’ is located. 

If the bunker is surcharged by vertical walls as shown in (e) the curve is extended until it 
meets the slope of the material, and the span and sag are to be used as shown. 

Deep Bins.—For the calculation of the stresses in deep bins, see the calculation of the stresses 
in grain bins, Chapter IX. 

For methods of calculating the stresses in hopper bins with the top surface surcharged, and 
the calculation of the stresses in bin bottoms and circular girders, see the author’s ‘‘The Design 
of Walls, Bins and Grain Elevators.” 

Angle of Repose.—The angle of repose and the weights of different materials are given in 


Table IX. 
DATA.—For angles of internal friction, see Table IX, and for-angles of friction on bin walls, 
see Table X. 
TABLE IX. 


WEIGHT AND ANGLE OF REPOSE OF COAL, CoKE, ASHES AND ORE. 


Angle’of Repose 
¢ in Degrees. 


Weight Lb. 


per Cu. Ft Authority. 


Material. 


Link Belt Machinery Co. 
Link Belt Engineering Co. 
Cambria Steel. 

Link Belt Machinery Co. 
Link Belt Engineering Co. 


Bituminous coal 
Bituminous coal 
j Bituminous coal 
Anthracite coal 
Anthracite coal 


Anthracite coal fine 
rath racite COal a. sb ase © 
RleaKedecOallte. carve interes, cna) aie. 
Slaked coal 


Ashes. ... 


Wehes, sort. coals ........%:. 
re wsOluarOUer conte ce ies - 


K. A. Muellenhoff. 
Cambria Steel. 


Wellman-Seaver-Morgan Co. 


Gilbert and Barth. 
Cambria Steel. 

Link Belt Machinery Co. 
Cambria Steel. 


Wellman-Seaver-Morgan Co, 
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Coal, ore, etc., will give an angle of ¢ = 40° if the material is dry, but if the material is wet 
the angle of repose may be increased to nearly 90°. : 
Angle of Friction on Bin Walls.—The values in Table X may be used in the absence of more 
accurate data. 
TABLE X. 


ANGLE OF FRICTION OF DIFFERENT MATERIALS ON BIN WALLS. 


ial. Steel Plate. Wood Cribbed. Concrete. 
Hes be ¢’ in Degrees. ¢’ in Degrees. ¢’ in Degrees. 


Bituminous coal 18 


Anthracite coal 16 
31 


25 
18 


no 
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Self-cleaning Hoppers.—In order to have hoppers self-cleaning when the material is moist 


it is necessary to have the hopper bottoms slope at an angle considerably in excess of the angle of 
repose ¢ or angle of friction ¢’. 
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Ore pockets on the Great Lakes are made with hopper bottoms at an angle of 48° 40’ to 


50° 45’, but the majority are at an angle of 49° 45’. 
chute at an angle of 40° and a wooden chute at an angle of 45°. 


steel chute at an angle of 30° and down a wooden chute at an angle of 35°. 
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Bituminous coal will slide down a steel 
Anthracite coal will slide down a 


ELEVATION CIRCULAR STEEL ORE BIN FoR OLD Dominion Copper MINING Co. 


DESIGN OF BINS.—Bins are usually subjected to sudden loads and vibrations and should 
be designed for two-thirds the allowable unit stresses for dead loads given in §§ 33 to 41, inclusive, 


in “Specifications for Steel Frame Buildings,’ Chapter I. 


Bins are made of timber, of structural steel, or of concrete, or the different materials may 


be used in combination. 


FLAT PLATES.—The analysis of the stresses in flat plates supported or fixed at their edges 
is extremely difficult. The following formulas by Grashof may be used: The coefficient of lateral 


contraction is taken as }. 
Der Elasticitat und Festigkeit’’ see Lanza’s Applied Mechanics. 


For a full discussion of these formulas based on Grashof’s ‘‘ Theorie 


1. Circular plate of radius r and thickness t, supported around its perimeter and loaded with w 


‘ 
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per square inch.—Let f = maximum fiber stress, vy = maximum deflection, and EZ = modulus of 
elasticity, 


f= zw (28) 
128 # 
189 w-r4 
v= pale (29) 
256 E-# 
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2. Circular plate built in or fixed at the perimeter. 


wr 
teas (30) 

_ 45 wrt 
= 356 EB + = aa 


3. Rectangular plate of length a breadth b, and thickness t, built in or fixed at the edges and 
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carrying a uniform load w per square inch.—Let fa be the unit stress parallel to a, fy be the unit 
stress parallel to 6, anda > b. 


bt-w-a? at-w-b? 
i= 2(a¢ + eR? = 2a + A (32) 
a’.}t-w 
v (33) 


~ (a + b)32E-B 
For a square plate a = 3, 


aaa (34) 
w-at 
dae r ie (35) 


The strength of plates simply supported on the edges is about 3 the strength of plates fixed. 
Plates riveted or bolted around the edges may be considered as fixed. 

For a diagram giving the safe loads on flat plates, see the author’s ‘‘ The Design of Walls, 
Bins and Grain Elevators,” also see Part II. : 

Buckle Plates.—Buckle plates are made by “‘dishing’”’ flat plates as in Table 59, Part II. 
The width of the buckle W, or length L, varies from 2 ft. 6 in. to 5 ft.6in. The buckles may be 
turned with the greater dimension in either direction of the plate. Several buckles may be put 
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Fic. 15. CoaL BUNKERS, RAPID TRANSIT SuBwAY, NEw York, N. Y. 


in one plate, all of which must be the same size and symmetrically placed. Buckle plates are 
made # in., 3 in., 2 in. and 7% in. in thickness. Buckle plates should be firmly bolted or riveted 
around the edges with a maximum spacing of 6 in., and should be supported transversely between 
the buckles. The process of buckling distorts the plate and an extra width should be ordered and 


the plate should be trimmed after the process js complete. 
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Strength of Buckle Plates.—The safe load for a buckle plate with buckles placed up, is approxi- 
mately given by the formula : : 


W = 4f-R-t (36) 


where W = total safe uniform load in Ib.; 

f = safe unit stress in lb. per sq. in.; 

R = depth of buckle in in.; 

t = thickness of plate in in. 
Where buckle plates are riveted and the buckle placed down the safe load is from 3 to 4 times 
that given above. 

TYPES OF BINS.—The most common types are (1) the suspension bunker, (2) the hopper 
bin, and (3) the circular bin. 

Suspension Bunkers.—Suspension bunkers are made by suspending a steel framework from 
two side members, the weight of the filling causing the sides to assume the curve of an equilibrium 
polygon. The stresses in the plates of a true suspension bunker are pure tensile stresses. Steel 
suspension bunkers are commonly lined with a concrete lining about 1} to 33 in. thick, reinforced _ 
with wire fabric, to protect the metal of the bin. 
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Fic. 16. CoAL BunKERS, Rapm Transit Suspway, NEw York, N. Y. 


Hopper Bins.—Hopper bins may be made of timber, steel, or reinforced concrete. A steel 
coke and stone bin, erected by the Lackawanna Steel Company, is shown in Fig. 12. These bins 
were divided into panels 12 ft. 6 in. center to center, with double partitions at each panel point, 
leaving a clear length of 11 ft. 6 in. The bins are lined throughout with 3 in. plates. All rivets 
in the floor are countersunk. The gates at the bottom of the bin are cylindrical and are revolved 


& 
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by a system of shafting and gears. There is an opening in the side of the drum, and when the 
drum is revolved this opening comes opposite the opening in the bottom of the bin and the drum 
is filled. The drum is then revolved and the material is dumped into the larries. 

Circular Bins.—Circular bins are made of both steel and reinforced concrete. 
ore bin with a hemispherical bottom is shown in Fig. 13 and Fig. 14. 

EXAMPLES OF BINS. Steel Coal Bin for Rapid Transit Subway.—A cross-section of a 
1,000-ton suspension bunker built by the Rapid Transit Subway, New York City, is shown in 
Fig. 15 and Fig. 16. The bunker is supported on posts and is covered by corrugated steel. The 
bin is lined with a layer of concrete 3} in. thick, reinforced with expanded metal. The details of 
construction are plainly shown in the cuts. 
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Fic. 17. Hopper Bin CANANEA CONSOLIDATED COPPER Co., CANANEA, MExIco. 
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Ore Bins for Cananea Consolidated Copper Company.—Detail drawings of a hopper ore 
bin built by the Cananea Consolidated Copper Company are shown in Fig. 17. The ore is coarse 
and heavy and is dumped from cars on the top of the bins. The ore is drawn off through gates 
on the bottom and is carried away onaconveyor. The side plates are } in. thick and are stiffened 
with channels spaced about 4 ft. apart. The hopper plates are § in. thick and are stiffened with 
10 in. channels. 
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Steel Coal Bins for Davis Coal and Coke Co.—The steel coal bin shown in Fig. 18 was designed 
by the American Bridge Company for the Davis Coal and Coke Co. for the coke ovens at Coketon, 
W. Va. The framework is made of structural steel and is covered with corrugated steel. The 
bin is lined with 3 in. oak plank spiked to timber spiking pieces which are bolted to the steel 
beams. The bin is carried on plate girders each having a web plate 96 in. X 2 in., and top and 
bottom flanges of two angles 6” X 6’’ X 3%’’.. The bin is filled by a belt conveyor passing over 
the top of the bin, as shown in Fig. 18. The coal is drawn from the bins through gates into cars 
and is hauled to the coke ovens. The capacity of the bin is 300 tons. 

References.—For the design of reinforced concrete bins, and for additional data and examples, 
see the author’s ‘‘The Design of Walls, Bins and Grain Elevators.” 


CHAPTER IX. 
STEEL GRAIN ELEVATORS. 


Introduction.—Grain elevators, or “‘silos,’”’ as they are called in Europe, may be divided into 
two classes according to the arrangement of the bins and elevating machinery: (a) elevators 
which are self contained, with all the storage bins in the main elevator or working house; and 
(b) elevators having a working house containing the elevating machinery, while the storage is in 
bins connected with the working house by conveyors. The working house is usually rectangular 
in shape, with square or circular bins; while the independent storage bins are usually circular. 

With reference to the materials of which they are constructed, elevators may be divided 
into (1) timber; (2) steel; (3) concrete; (4) tile, and (5) brick. Steel grain elevators, only, will 
_ be considered in this chapter. For a complete treatise on the design of grain elevators, see the 

author’s ‘The Design of Walls, Bins and Grain Elevators.” 

STRESSES IN GRAIN BINS.—The problem of calculating the pressure of grain on bin 
walls is somewhat similar to the problem of the retaining wall, but is not so simple. The theory 
of Rankine will apply in the case of shallow bins with smooth walls where the plane of rupture 
cuts the grain surface, but wil! not apply to deep bins or bins with rough walls. (It should be 
remembered that Rankine assumes a granular mass of unlimited extent.) 

Stresses in Deep Bins.—Where the plane of rupture cuts the sides of the bin the solution for 
shallow bins does not apply. 

Nomenclature.—The following nomenclature will be used: 

¢@ = angle of repose of the filling; 

¢’ = the angle of friction of the filling on the bin walls; 

p = tan ¢ = coefficient of friction of filling on filling; 

p’ = tan ¢’ = coefficient of friction of filling on the bin walls; 

x = angle of rupture; 

w = weight of filling in lb. per cu. ft.; 
V = vertical pressure of the filling in lb. per sq. ft.; 
L = lateral pressure of the filling in Ib. per sq. ft.; 
A 
U 
R 


area of bin in sq. ft.; 
circumference of bin in ft.; 
A/U = hydraulic radius of bin. 

Janssen’s Solution.—The bin in (a) Fig. 1, has a uniform area A, a constant circumference U, 
and is filled with a granular material weighing w per unit of volume, and having an angle of repose 
¢. Let V be the vertical pressure, and L be the lateral pressure at any point, both V and L 
being assumed as constant for all points on the horizontal plane. (More correctly V and L will 
be constant on the surface of a dome as in (0).) 

The weight of the granular material between the sections of y and y + dy = A-w-dy; the 


total frictional force acting upwards at the circumference will be = L- U-tan ¢’-dy; the total 


perpendicular pressure on the upper surface will be = V-A; and the total pressure on the lower 


surface will be = (V + dV)A. 
Now these vertical pressures are in equilibrium, and 


ll 


V-A —(V+dV)A + A-w-dy — L-U-tan ¢’-dy =0 
and 
av = (w— Letang’G a )dy (1) 
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Now in a granular mass, the lateral pressure at any point is equal to: the vertical pressure 
times k, a constant for the particular granular material, and 


L=k-V 


Also let A/U = R (the hydraulic radius), and tan ¢’ = yw’. 
Substituting the above in (1) we have 


BV WN 
dV = (w— Fu’) ay 
Now let ; 
Loh 
Pee (2) 
and 4 
V 
aren ace d (3) 
kK 


Surface of 
Materfal 


0g th eae 


K-a-- naw n ene Qe ----------- 


I 


(X) (Cc) 


Fic. 1. 
Integrating (3) we have 
log (w—2-V) = —ny+.C (4) 
Now if y = 0, then V = 0, and C = log w, and (4) reduces to! 
lo — — mt) = 
Fd ae =— 4 
and 
w—n-V I %, 
i hc EH rem 
w ery 


where ¢ is the base of the Naperian system of logarithms. Solving for V we have 
w 
v=" (remy) (5) 


Substituting the value of m from (2), we have 


w:-R ; 
V= Ean (1 — ekeu -y/R) (6) 


Now if / be taken as the depth of the granular material at any point we will have 


w:R F 
V= aa? (a — e-keu JR) (7) 


Also since 


DATA FOR DESIGN OF STEEL GRAIN BINS. 321 


L=k-V 
ine as (1 — ebm! hIR) (8) 


Now if w is taken in Ib. per cu. ft., and R in ft., the pressure will be given in Ib. per sq. ft. 
For deep bins with a depth of more than two and one-half diameters the last term of the 
right hand member of (8) may be omitted, and 


,. wR 
= eae (approx.) (9) 


Now both y’ and k can only be determined by experiment on the particular grain and kind of 
bin. For wheat and a wooden bin, Janssen found yp’ = 0.3 and k = 0.67, making k-y’ = 0.20. 

Jamieson found by experiment that for wheat k = 0.6, and he found values in Table I for p’ 
with wheat weighing 50 lb. per cu. ft. and having ¢ = 28°, uw = 0.532: 


SUA ial 


COEFFICIENTS OF FRICTION »’ FOR WHEAT ON BIN WALLS. 
JAMIESON. 


Wheat Weighing 50 lb. per cu. ft., and Angle of Repose ¢ = 28 Degrees. 


Materials. Coefficient of Friction. 


Wheat on wheat.. SUS SoH Cab ee o toe Reaeneninaias saga 0.532 

Wheat on steel trough plate Tet aa ee eG iy 0.468 

Milteation steel-tlat plate, riveted. and tie bars... 2.2.20. 5. esc eine ons 0.375 to 0.400 
iptarimoumsteclucyMAGETSs TLVGLEG st. monde seyale oc le sis.eieinieies, sioner opto aes 0.365 to 0.375 
Witeatiom cement-concrete, smooth to rough: s. 5... 6. ses. ce cei vee e 0.400 to 0.425 
Wiheat onmtile of brick, smooth*to rough 2... 5.5. oon oe ce oe be eee ant 0.400 to 0.425 
Dune aerOnrcn Ded WOOGEM. DIM cite ciSG on'> sold sie ois 28 we ole Fee oe e ante e axe 0.420 to 0.450 


Pleisner obtained the values of yp’ as given in Table II, and of k as given in Table III. 


TABLE II. 
COEFFICIENTS OF FRICTION OF GRAIN BIN WALLS. PLEISNER. 


Coefficient of Friction »’ = tan ¢’. 


Wheat. 


Cribbed bin 0.43 


Ringed cribbed bin 0.58 
Small plank bin 0.25 
Large plank bin 0.45 
Reinforced concrete bin. sth NE 0.71 


TABLE III. 
VaLuEs or k = L/V ror WHEAT AND OTHER GRAINS IN DIFFERENT BINS. PLEISNER. 


Wheat. i F Flax-seed. 


Cribbed bin 0.4 to 0.5 0.23 to 0.32 


Ringed cribbed bin 0.4 to 0.5 0.3 to 0.34 
Small plank bin............| 0.34 to 0.46 0.3. t0 0.45 


Large plank bin 0.3 0.23 to 0.28 
Reinforced concrete bin 0.3 to 0.35 0.3 


‘ 
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TABLE IV. 
HYPERBOLIC OR NAPERIAN LOGARITHMS. 

N. Log. N. Log. N. Log. 
1.00 0.0000 3.65 1.2947 6.60 1.8871 
1.05 0.0488 3.70 1.3083 0:70 1.9021 
1.10 0.0953 3.75 1.3218 6.80 1.9169 
1.15 0.1398 3.80 1.3350 6.90 1.9315 
1.20 0.1823 3.85 1.3481 7.00 1.9459 
1.25 0.2231 3.90 1.3610 7.26 1.9741 
1.30 0.2624 3-95 1.3737 7.40 2.0015 
1.35 ~ 0.3001 4.00 1.3863 7.60 2.0281 
1.40 0.3365 4.05 1.3987 7.80 2.0541 
1.45 0.3716 4.10 I.41IO 8.00 2.0794 
1.50 0.4055 4.15 1.4231 8.25 2.1102 
1.55 0.4383 4.20 1.4351 8.50 2.1401 
1.60 0.4700 4.25 1.4469 8.75 2.1691 
1.65 0.5008 4.30 1.4586 9.00 2.1972 
1.70 0.5306 4.35 1.4701 9.25 2.2246 
1.75 0.5596 4.40 1.4816 9.50 2.2553 
1.80 0.5878 4.45 1.4929 9.75 22778 
1.85 0.6152 4.50 1.5041 10.00 2.3026 
1.90 0.6419 4.55 PCLT II.00 2.3979 
1.95 0.6678 4.60 1.5261 12.00 2.4849 
2.00 0.6931 4.65 1.5369 13.00 * 2.5649 
2.05 0.7178 4.70 1.5476 14.00 2.6391 
2.10 0.7419 4.75 1.5581 15.00 2.7081 
2s 0.7655 4.80 1.5686 16.00 27720 
2.20 0.7885 4.85 1.5790 17.00 2.8332 
DNS 0.8109 4.90 1.5892 18.00 2.8904 
2.30 0.8329 4.95 1.5994 19.00 2.9444 
2.35 0.8544 5.00 1.6094 20.00 2.9957 
2.40 0.8755 5.05 1.6194 @1.00 3-0445 
2.45 0.8961 5.10 1.6292 22.00 3.0910 
2.50 0.9163 5.15 1.6390 23°C 3.1355 
2.55 0.9361 5.20 1.6487 24.00 3.1781 
2.60 0.9555 p25 1.6582 25.00 3.2189 
2.65 0.9746 5.30 1.6677 26.00 3.2581 
2.70 0.9933 Seely 1.6771 27.00 3:2958 
Pgh T.0116 5-40 1.6864 28.00 B52200 
2.80 1.0296 5-45 1.6956 29.00 3.3673 
2.85 1.0473 5-50 1.7047 30.00 3.4012 
2.90 1.0647 5-55 1.7138 31.00 3.4340 
2.95 1.0818 5.60 1.7228 32.00 3.4657 
3.00 1.0986 5.65 1.7317 33.00 3.4965 
3.05 1.1154 5-70 1.7405 34.00 3.5264 
3-10 1.1314 5-75 1.7492 35.00 3-5553 
Galle 1.1474 5.80 1.7579 40.00 3.6889 
3.20 1.1632 5.85 1.7664 45.00 3.8066 
Byes 1.1787 5-90 1.7750 50.00 3.9120 
3-30 1.1939 5-95 1.7834 60.00 4.0943 
RNa 1.2090 6.00 1.7918 70.00 4.2485 
3.40 1.2238 6.0 1.8083 80.00 4.3820 
3.45 1.2384 6.20 1.8245 90.00 4.4998 
3.50 1.2528 6.30 1.8495 100.00 4.6052 
3.55 1.2669 6.40 - 1.8563 
3.60 1.2809 6.50 1.8718 


It will be seen in (8) that the maximum lateral pressure in a bin which must be used in the 
design of deep bins, is independent of k, and that therefore an exact determination of & is not very 
important. In calculating the values of V and L in (7) and (8), it is necessary to use a table of 
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natural or hyperbolic logarithms. A brief table of hyperbolic logarithms is given in Table IV. 
To find the hyperbolic logarithm of any number, using a table of Brigg’s or common logarithms, 
use the relation: The hyperbolic or Naperian logarithm of any number = common or Brigg’s 
logarithm X 2.30259. 

The author has calculated the lateral pressures on steel plate bins, Fig. 2. 
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Fic. 2. LATERAL PRESSURE IN STEEL PLATE GRAIN BINS CALCULATED BY JANSSEN’S 
FORMULA. 
a 

To use Fig. 2 to calculate the pressures in rectangular bins, calculate the pressure in a circular 
or square bin which has the same hydraulic radius, R (R = area of bin + perimeter of bin), as 
the rectangular bin. 

It will be seen in Fig. 2 that the pressure varies as the diameters, where the height divided 
by the diameter isa constant. By using this principle the pressure for any other diameter within 
the limits of the diagram may be directly interpolated. 

Problem 1. Required the lateral pressure at the bottom of a cement lined bin, to ft. in 
diameter and 20 ft. high, containing wheat weighing 50 lb. per cu. ft. Assume yp’ = 0.416, and 

= 0.6, also R will = 23 ft., w = 50 lb., kh = 20 ft., and k-p’ = 0.25. 

Now from (8) 

meee 425 (1 — ¢-0.25 x 202.5) 
O. 0.416 — 
= 300(1 — e”) 


Now from Table IV the number whose hyperbolic logarithm is 2.00 is 7.40, and 


I 
ZL = 300 { i — —— 
2 7.40 


= 260 lb. per sq. ft., 
= 1.8 lb. per sq. in. 
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German Practice.—Janssen’s formula is given in Hutte Des Ingenieurs Taschenbuch, as 
the standard formula for the design of grain bins. For wheat Janssen found that u’ = 0.3, and 
k = 0.67, so that w’-k = 0.20. Using these values and changing to English units, we have for 


wheat, 


axe eas EG — ¢-0.2h/R) 


0.2. 
or if d = diameter or side of bin, then 


V = §w-d(1 — e0.8h/d) 
eRe 
which is the German practice. 

Load on Bin Walls.—The walls of a deep bin carry the greater part of the weight of the 
contents of the bin. The total weight carried by the bin walls is equal to the total pressure, P, 
of the grain on the bin walls, multiplied by the coefficient of friction uw’ of the grain on the bin 
walls. 

From formula (8) the unit pressure on a unit at a depth y will be 


Ee wk (1 — ebu/y/R) (10) 


and the total lateral pressure for a depth y, per unit of length of the perimeter of the bin, will be 


P= f L-dy Le (1 — eu yIB)dy 


w:R R 
-24ly- pote See! we | (11) 
Now the last term in (11) is very small and may be neglected for depths of more than two 


diameters, and 
wR 


P= = [ » _ i | (approx.) (12) 


The total load per lineal foot carried by the side walls of the-bin will be 
‘ R 
8 P-y’ =w-R [ -<5 | (approx.) (13) 


For the total weight of grain carried by the side walls multiply (13) by the length of the cir- 
cumference of the bin. 

Formulas (12) and (13) may be deduced as follows:—The grain carried by the sides of the 
bin will be equal to the total weight of grain in the bin minus the pressure on the bottom of the 
bin. If P is the total side pressure on a section of the bin one unit long, then 


P-U-p'’ =w-A-y—A-+V (a) 
=wAy— ae (1 — e-hem/y/R) (b) 
and solving (0) : 
w: R ; 
w:R ; 
= MAL y - Ean Ee oom wie) | (11) 
w:-R R 
= meee [ a Z| (approx.) ; (13) 


and the total load carried on a section of the bin one unit long will be found by multiplying P in 
(II) by yw’, and 
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P +p! =w-R [ » 4 a (1 es eBe'1iB) | 


=w-R [ » a al (approx.) (13) 


For example take a steel bin 10 ft. in diameter and 100 ft. deep; weight of wheat, w = 50 
Ib. per cu. ft.; angle of friction of wheat on steel, u’ = 0.375; angle of repose of grain on grain, 
# = tan 28° = 0.532 (u does not occur in formula (13) but may be used in calculating an approxi- 
mate value of k = (1 — sin 28°)/(1 + sin 28°) = 0.37 which is a close approximation to k = 0.4 
which will be used). Then the load carried by the side walls per lineal foot will be from (13) 


P +p! 


2.5 
OPQ [ LOOT — —s | 
5 5 0.4 X 0.375 

10,416 lb. 


The total load on the entire bin walls will be 
P-p’ X 31.416 = 327,635 lb. 
The total weight of wheat in the bin is 
50 X 78.5 X 100 = 392,700 lb. 
and the total load carried by the bottom of the bin is 
392,700 — 327,635 = 65,065 lb. 


and the pressure on the bottom = V = 65,065/78.54 = 830 Ib. per sq. ft. From formula (7) we 
find that V = 830 Ib. per sq. ft. 

EXPERIMENTS ON THE PRESSURE OF GRAIN IN DEEP BINS.—The laws of pressure 
of grain and similar materials are very different from the well known laws of fluid pressure. Dry 
wheat and corn come very nearly filling the definition of a granular mass assumed by Rankine in 
deducing his formulas for earth pressures. As stored in a bin the grain mass is limited by the 
bin walls, and Rankine’s retaining wall formulas are not directly applicable. 

If grain is allowed to run from a spout onto a floor it will heap up until the slope reaches a 
certain angle, called the angle of repose of the grain, when the grain will slide down the surface 
of the cone. If a hole be cut in the bottom of the side of a bin, the grain will flow out until the 
opening is blocked by the outflowing grain. There is no tendency for the grain to spout up as 
in the case of fluids. If grain be allowed to flow from an orifice it flows at a constant rate, which 
is independent of the head and varies as the diameter of the orifice. 

Experiments by Willis Whited,* and by the author at the University of Illinois, with wheat 
have shown that the flow from an orifice is independent of the head and varies as the cube of the 
diameter of the orifice. This phenomenon can be explained as follows: The wheat grains in 
the bin tend to form a dome which supports the weight above. The surface of this dome is 
actually the surface of rupture. When the orifice is opened the grain flows out of the space below 
the dome and the space is filled up by grains dropping from the top of the dome. As these grains 
drop others take their place in the dome. Experiments with glass bins show that the grain from 
the center of the bin is discharged first, this drops through the top of the dome, while the grain 
in the lower part of the dome discharges last. 

The law of grain pressures has been studied experimentally by several engineers within 
recent years. A brief resume of the most important experiments is given in the author’s “The 
Design of Walls, Bins and Grain Elevators,” where after a careful study of all available experi- 
ments the author reached the following conclusions:— 

1. The pressure of grain on bin walls and bottoms follows a law (which for convenience will 
be called the law of ‘“‘semi-fluids”), which is entirely different from the law of the pressure of fluids. 


* Proc. Eng. Soc. of West. Penna., April, 1got. 


‘ 
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2. The lateral pressure of grain on bin walls is less than the vertical pressure (0.3 to 0.6 of 
the vertical pressure, depending on the grain, etc.), and increases very little after a depth of 23 
to 3 times the width or diameter of the bin is reached. 

3. The ratio of lateral to vertical pressures, k, is not a constant, but varies with different grains 
and bins. The value of k can only be determined by experiment. 

4. The pressure of moving grain is very slightly greater than the pressure of grain at rest 
(maximum variation for ordinary conditions is, probably, 10 per cent). 

5. Discharge gates in bins should be located at or near the center of the bin. 

6. If the discharge gates are located in the sides of the bins, the lateral pressure due to moving 
grain is decreased near the discharge gate and is materially increased on the side opposite the 
gate (for common conditions this NG) pressure may be two to four times the lateral pressure 
of grain at rest). 

7. Tie rods decrease the flow but do not materially affect the pressure. 

8. The maximum lateral pressures occur immediately after filling, and are slightly greater 
in a bin filled rapidly than in a bin filled slowly. Maximum lateral pressures occur in deep bins 
during filling. 

9. The calculated pressures by either Janssen’s or Airy’s formulas agree very closely with 
actual pressures. 

10. The unit pressures determined on small surfaces agree very closely with unit pressures 
on large surfaces. 

II. Grain bins designed by the fluid ine are in many cases unsafe as no provision is made 
for the side walls to carry the weight of the grain, and the walls are crippled. 

12. Calculation of the strength of wooden bins that have been in successful operation shows 
that the fluid theory is untenable, while steel bins designed according to the fluid theory have 
failed by crippling the side plates. 

RECTANGULAR STEEL BINS.—For the caiculation of the stresses in and the design of 
rectangular steel bins, see the author’s “The Design of Walls, Bins and Grain Elevators,” — 
Second Edition. 

CIRCULAR STEEL BINS.—In the designing of steel grain bins particular attention should 
be given to the horizontal joints, and to the strength of the bin to act as a column to support the 
grain. To calculate the thickness of the metal the horizontal pressure ZL is obtained from Jan- 
ssen’s formula, and then the thickness may be found by the formula 


eee (14) 
where ¢ = thickness of the plate in in.; 
L = horizontal pressure in lb. per sq. in.; 
d = diameter of bin in in.; 
S = working stress in steel in lb. per sq. in.; 
f = efficiency of the joint. 

The unit stress S may be taken at 16,000 lb. per sq. in., and f will be about 57 per cent for a 
single riveted lap joint, 73 per cent for a double riveted lap joint, and 80 per cent for double 
riveted double strap butt joints. For the efficiency of riveted joints, see Table Ila, Chapter XI. 

The allowable stresses given for the design of steel mill buildings should be used in design. 
These allowable stresses are as follows: Tension on net section 16,000 lb. per sq. in.; shear on 
cross-section of rivets 11,000 lb. per sq. in.; bearing on the projection of rivets (diameter X thick- 
ness of plate) 22,000 Ib. per sq. in. Compression in columns P = 16,000 — 70l/r where P = unit 
stress in lb. per sq. in., /=length of member and r = radius of gyration of the member, both in inches. 

Rivets in Horizontal Joints.—The side walls carry a large part of the weight of the grain in 
the bin and this should be considered in designing the horizontal joints. The weight of the 
grain supported by the bin above any horizontal joint can be calculated as shown in the following 
example: Assume a steel plate bin 25 ft. in diameter, and it is required to calculate the grain 
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supported by the bin walls above a horizontal joint 75 ft. below the top of the grain. From 
equation (13) the grain carried by the bin walls-per lineal foot of circumference of bin, where 
w = 50 lb. per cu. ft.; up’ = 0.375; k = 0.40, also R = 25/4 = 6.25, and 


6.25 
P-p! = 50 X 6.25 | — —__)_ | 
bh =% 5) 75 0.4 X 0.375 
= 10,415 lb. 


The weight of the steel bin above the joint may be taken as 1,250 lb. per lineal foot of joint. 
The horizontal riveting should then be designed for a shear of 11,665 lb. per lineal foot of joint. 
Assume that the plates are # in. thick and the rivets 3 in. in diameter. For allowable stresses of 
16,000 Ib. per sq. in. in tension, 11,000 lb. per sq. in. in shear, and 22,000 lb. per sq. in. in com- 
pression; then, Table114, Part II, the value of a $ in. shop rivet in single shear = 4,860 lb., anda 
field rivet is 3 of 4,860 = 3,240 lb., and in compression = 6,190 lb. for shop rivets and = 4.127 
Ib. for field rivets. For a lap joint therefore the spacing should not be greater than 3,240 X 12 
+ 11,665 = 3.25 in., requiring but one row of rivets. 

Stresses in a Steel Bin Due to Wind Moment.—If MM is the moment due to the wind acting 
on the bin above the horizontal joint, then the stress per lineal foot of joint due to wind moment 
will be 
S= ve but J = $r-d@ (approx.) and S = aan (15) 
where all dimensions are in feet. For a wind load of 30 lb. per sq. ft. on two-thirds of the tank 
(20 Ib. per sq. ft. on the entire surface of the tank) the wind stress will be S = 2,865 lb. per lineal 
foot. The spacing therefore should not be greater than 3,240 X 12 + (11,665 + 2,865) = 28 in. 
- Stiffeners.—In large circular steel bins the thin side walls are not sufficiently rigid to support 

the weight of the grain and it is necessary to supply stiffeners. For this purpose angles or Z-bars 
may be used. Experience has shown that bins in which the height is equal to or greater than 
about 24 times the diameter do not need stiffeners. There is at present no rational method for 
the design of these stiffeners or the stiffeners in plate girders. In Fig. 9 will be seen the details 
of a steel bin of the Independent Steel Elevator with Z-bar stiffeners. Angle stiffeners were 
used in the bins of the Electric Elevator, Minneapolis, Minn. 
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Fic. 3. PLAN oF STEEL STORAGE BINS FOR A STEEL ELEVATOR. 


Circular steel bins are used for storage in large elevators and may be used for a complete 
elevator as in Fig. 3. The space between the bins is sometimes used for auxiliary storage. The 
circular bin walls are stiffened by means of vertical channels, and the auxiliary bins are cross-braced 
with steel rods. Complete details of circular steel bins for the Independent Elevator, Omaha, 


Neb., are shown in Fig. 9. 
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Steel Country Elevator.—General plans of a steel grain elevator for the Manhattan Milling 
_ Co., designed and constructed by the Minneapolis Steel & Machinery Co., Minneapolis, Minn., 
are given in Fig. 4. This elevator could easily be changed to a shipping elevator ‘by putting in a 
wagon dump. Grain is run from the cars into the boot of the receiving leg, and is then elevated 
and conveyed by a screw conveyor to the large storage bins, or is run into the temporary storage 
bins, then cleaned and elevated and conveyed to the storage bins by the screw conveyor. The 
bins are built of steel plates, and the working house is built of steel framework covered with cor- 
rugated steel. This elevator has a capacity of 76,300 bushels but the scheme can be used for a 
30,000 to 40,000 bushel elevator for either shipping or for milling purposes. 

THE INDEPENDENT STEEL ELEVATOR, OMAHA, NEB. General Description.— 
This elevator consists of a steel working house having a bin capacity of 240,000 bushels and 8 steel 
storage bins having a storage capacity of 100,000 bushels each, making a total storage capacity of 
1,040,000 bushels. 

The steel working house is 64 ft. X 70 ft., with 14 ft. sheds on two ends and one side, as 
shown in Fig. 5. The sub-story of the building is 26 ft. The bins are 64 ft. 4 in. high, as shown 
in Fig. 6, and are supported on steel columns, as shown in Fig. 6 and Fig. 7. The spouting story 
is 24 ft. 6 in. high; the garner and scale story is 26 ft. 6 in. high; and the machinery story is 13 
ft. 8in. high. The walls below and above the bins are covered with No. 24 corrugated steel laid 
with 13 corrugations side lap and 3 in. end lap. The roof is covered with No. 22 corrugated steel 
laid directly on the steel purlins with 2 corrugations side lap and 6 in. end lap. 

On the first or working floor the floor between the tracks is made of + in. plate bolted to the 
beams, while the remainder of this floor is made of concrete filled in above concrete arches which 
rest on the flanges of the beams with a finish 1} in. thick of Portland cement mortar consisting 
of one part cement to one part clean, sharp sand. The concrete is composed of one part Portland 
cement, two parts sand, and five parts crushed stone. 
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. Fic. 5. PLAN oF INDEPENDENT ELEVATOR. 


The floor of the cupola throughout the different floors and in the gallery leading over the 
bins is made of No. 24 corrugated steel resting on steel framework, and covered with 3 in. of con- 
crete and a one-inch finish of one to one Portland cement mortar troweled smooth. All doors 
are of the rolling steel type. The window frames were made of 2 in. X 6 in. timbers and are 
covered with No. 26 sheet steel. All windows are provided with 1} in. checked rail sash and are 
glazed with double strength glass. 

Painting.—All steel work of every description was painted with one coat oxide of iron paint 
at the shop and a second coat after erection. The tank plates and corrugated steel were painted 
on the exterior surface only after erection. 

Bins.—The eight steel storage bins are 44 ft. in diameter and 80 ft. high, have a capacity of 
100,000 bushels and rest on separate concrete foundations. The bins are constructed of steel 
plates stiffened with Z-bars, as shown in Fig. 9. The bins are covered with a steel plate roof, 
Fig. 12, supported on roof trusses, as shown in Fig. 11 and Fig. 13. A conveyor gallery 1o ft. 
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Longitudinal Section. 
Fic. 7... LONGITUDINAL SECTION OF WORKING House or INDEPENDENT ELEVATOR. 
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wide and 8 ft. high extends from the working house over the bins. A conveyor tunnel extends - 
from the working house under the bins. The rivet spacing in the circular bins is shown in Fig. 9. 

The bins in the working house are arranged as shown in Fig. 8, and are constructed of plates, 
as shown in Fig. 6 and Fig. 7. The bins, 14 ft. X 16 ft., are braced in the corners with angle 
braces spaced 5 ft. centers vertically, and of the sizes shown in Fig. 8. The large bins are also 
braced with $ and 3-in. round rods spaced 5 ft. apart as shown. All the smaller bins are braced 
with 3-in. round rods spaced 2 ft. 6 in. apart as shown. Vertical angles in the sides of the bins 
are provided, as shown in Fig. 6, Fig. 7, and Fig. 8. 
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EQUIPMENT.—There are two stands of receiving elevators with receiving pits on either 
side. These elevators have 22-inch 6-ply belts and 20 in. x 7 in. X 7 in. buckets spaced 14 in. 
apart; the receiving pits are covered with steel grating, and a pair of Clark’s automatic grain 
shovels are located at each unloading place. These elevators are driven with an electric motor 
of 100 H. P., each elevator being driven with a clutch and pinion so that the elevator may be 
stopped and started at will. 

There is one stand of shipping elevators constructed in the same manner, having a 26-in. 
6-ply belt and 2 lines of 12 in. X 7 in. X 7 in. buckets spaced 14 in. apart. 
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Fic. 10. DeEraiLs oF Bin BotroMs AND CONVEYORS UNDER BINS, INDEPENDENT 
ELEVATOR. 


There are two stands of cleaning elevators with 14-in. 6-ply belts with 12 in. X 6 in. X 6 in. 
buckets spaced 12 in. apart. 


There are also two screenings elevators with 9-in. 5-ply belts with 8 in. X 5 in. X 5 in. 
buckets spaced 12 in. apart. ; 

The shipping, screenings, and cleaner elevators are driven from a line shaft which is driven 
by a 100 H. P. motor, each elevator being driven by a core wheel and pinion. 

Three scale hoppers, having a capacity of 1,800 bushels, are located in the cupola, and three 
garner hoppers of 1,800 bushels capacity are located above the scale hoppers. 

The main line shaft on the first floor is driven by a 170 H. P. motor. 

A car puller capable of moving 25 loaded cars is provided. 

Elevators.—The boots of the receiving and shipping elevators rest in water-tight steel boot 
tanks made of 74-in. steel plates. The elevator boots are made of 3;-in. steel plates, the boot pul 
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leys having a vertical adjustment of 8 inches. The elevator cases are made of No. 12 steel up to 
the bins, and of 3%-in. plates in the bins, and No. 14 steel above the bins. The cases are strength- 
ened by angles at the corners. The elevator heads are made of No. 14 steel. At each receiving 
elevator is a large elevator pit extending from the leg back to the center of the track. This pit 
is constructed of beams and 3-in. plates and is covered with a grating of 12 X 4-in. bars spaced 
1% in. apart. . 

The elevator buckets are “‘ Buffalo” buckets; those for the receiving elevators are 20 in. X 7 
in. X 7 in.; for the shipping elevators two lines of 12 in. X 7 in. X 7 in. buckets; for the cleaning 
elevators one line of 12 in. X 6 in. X 6 in. buckets; and for the screenings elevator one line of 
8 in. X 5 in. X 5 in. buckets. The buckets in the receiving, shipping and cleaning elevators 
are spaced 14 in. apart, while those in the screenings elevator are spaced 12 in. apart. 

The elevator belts in the receiving elevators are 22 in. wide and 6-ply, the shipping belts 
are 26 in. wide and 6-ply; the cleaning belts are 14 in. wide and 6-ply, and the screenings belts 
are 9 in. wide and 5-ply. The belting is made of 32 ounce duck and is first-class. 
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Fic. 11. FRAMING FOR Roor OF CIRCULAR BINS, INDEPENDENT ELEVATOR. 


Spouts.—The building is provided with a complete system of spouts. The general distrib- 
uting spouts from the scales to the shipping spouts are double-jointed Mayo spouts. There are 
three shipping spouts which are provided with telescoping bottom sections. All bin bottoms 
are provided with a revolving spout with a cut-off gate operated with a rack and pinion, with 
cords leading to within reaching distance of the floor. : 

Conveyors.—The conveyor belt leading from the working house over the bins is a 36 in. 
4-ply conveyor belt, is carried on disc rolls consisting of 3 straight-faced 6-in. pulleys and 2 special 
discs; the discs run loose on the shafts, which are 1;%;-in. diameter and are spaced 5 ft. centers. 
The return rolls are 5-in. straight-faced rolls spaced 15 ft. centers. At each point in the elevator 
where grain is loaded onto the belt there are two pairs of special concentrating rolls. Movable 
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trippers provided with spouts are provided, so that grain may be discharged on either side of the 
belt. The entire conveyor is carried on a steel framework. The conveyor belt is driven by a 
40 H. P. motor. The conveyor in the tunnel leading from the storage tanks to the working 
house is of the same type as the conveyor above the bins, and is supported on a steel framework, 
except that the top or carrying rolls are all of the concentrating types, as shown in F ig. 10. The 
concentrating rollers are composed of two straight-faced rolls from the main shaft, and two 
concentrating rolls meeting at an angle of 45° to the straight rolls. The lower conveyor is driven 
by a rope drive from the main line shaft in the working house. 
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Scale Hoppers.—There are three scale hoppers of 1,800 bushels capacity, each mounted 
on a Fairbanks-Morse and Company’s scales, having a capacity of 84,000 lb., and have steel 
frames. The hoppers have 75-in. steel plate sides, and }-in. plate bottoms, stiffened with angle 
irons, and are tied together with tie rods. Each hopper is provided with a 22-in. cast iron outlet 
with a steel plate cut-off gate. 

Garners.—A steel garner hopper is placed directly over each scale hopper. The garners 
have a capacity of 1,800 bushels, and are constructed with 3-in. side plates and +-in. bottom 

-plates. The bottoms of the garners are hoppered to four openings, which are provided with gates 
sliding on steel rollers. : 

Cleaning Machines.—A large size cleaning machine and a large size oat clipper are provided. 
These machines are connected with a large dust collector which discharges the dust from the 
cleaning machines and from the sweepings outside of the building. 

Car Puller.—A car puller having a capacity of 25 loaded cars is provided. The car puller 
has two drums, each provided with 400 ft. of 3-in. crucible steel cable. . 

Shovels.—A pair of Clark automatic grain shovels, with all necessary counterweights, sheaves, 
scoops, etc., are provided. 

The total weight of steel in the elevator is 1,700 tons; approximately 900 tons in the working 
house, and 800 tons in the circular bins and conveyors. 

The total cost was $205,000, of which the 8 steel bins and conveyors cost $80,000. 


COST OF STEEL GRAIN ELEVATORS.—The following costs of steel grain elevators have 
been taken from the author’s ‘‘ The Design of Walls, Bins and Grain Elevators,’’ which also gives 
costs of reinforced concrete and tile bins, and timber grain elevators. The total cost of the steel 
grain elevator of the working house type, constructed by the Great Northern Railway at 
Superior, Wis., was 39.65 cts. per bushel of storage. The elevator had a storage capacity of 
3,100,000 bushels, and the steel weighed 7 lb. per bushel of storage capacity. The Independent 
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Elevator cost 9} cts. per bushel storage capacity for the steel bins,and 54 cts. per bushel storage 
capacity for the working house. A steel country elevator having four steel tanks, 173 ft. diam- 
eter and 30 ft. high, with an interspace bin and a conveyor shed, and having a storage capacity 
of 30,000 bushels, weighed 3 lb. per bushel of storage capacity. The shop cost and cost of erec- 
tion of the structural steel was $15.00, and $19.00 per ton, respectively. 

References.—For the design of reinforced concrete grain bins and elevators, and for additional 
data and examples, see the author’s ‘‘The Design of Walls, Bins and Grain Elevators.” 


CHAPTER X: 


STEEL HEAD FRAMES AND COAL TIPPLES. 

Types of Head Works for Mines.—The design of the head works for a mine depends upon 
the material which is to be hoisted, upon the depth of the mine, the inclination of the shaft, the 
rate of hoisting, the amount to be hoisted at one time, the treatment of the ore or coal after being 
hoisted, and upon the material used in the construction of the structure. Head works for mines 
may be divided into three classes: (1) head frames; (2) rock houses; (3) coal tipples. 

The first head frames were constructed of timber; the most common type being the 4-post 
head frame. The square or rectangular mine tower was cross-braced and the sheave supports 
were made of heavy timber. The back brace was inclined and was placed between the hoisting 
rope and the line of the resultant of the stress in the hoisting rope. 
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Steel head frames vary in design to suit local conditions and the ideas of the designer. The 
A-frame in Fig. 1 is the most satisfactory type where conditions permit of its use. It is simple 


‘in design and economical of material; the stresses are statically determinate, and it can be easily 


and effectively braced, making a very rigid frame. The 4-post frame in Fig. 2 is the type to use 
when it is necessary to hoist from several compartments of a shaft not in a single line. It is also 
used for coal tipples and double compartment shafts. The 4-post frame is not so economical of 
material.as the ‘A-frame; is more difficult to brace effectively, partly for the reason that part of 
the bracing in the tower must be omitted to permit the dumping of the ore or coal, and in addition 
the stresses are statically indeterminate. The frame shown in Fig. 3 is a modification of the 
A-frame used for an inclined shaft. Several early head frames in the coal fields of Pennsylvania 
were built on the lines of the frame shown in Fig: 4. This type of frame has no points of merit 
and is practically obsolete. 

For an elaborate discussion of the design of head frames, coal tipples, and other mine struc- 
tures, see the author's ‘“‘The Design of Mine Structures.” 

METHODS OF HOISTING.—In hoisting from inclined or vertical shafts, the hoisting 
engine is placed at some distance from the mouth of the shaft, the cable passes up over the sheave 
at the top of the head frame and into the shaft. The rope, if round, is carried on a smooth or a 
grooved hoisting drum, and if flat, is carried on a hoisting reel. The maximum working load on 


_ the rope occurs when the loaded skip or cage is being hoisted from the bottom of the shaft. The 


working load then consists of the skip or cage, the load, the accelerating force, the weight of the 
339 
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rope itself, and the friction of the rope on the sheave and drum and of the skip or cage in the 
guides. 

With round ropes the hoisting drum for deep mines is commonly made conical, the small 
diameter being used when the load is at the bottom of the shaft. Flat ropes are wound cn a reel, 


so that the small diameter is used when the load is at the bottom of the shaft, the diameter of 
the reel increasing as the rope is wound up. The required height of the head frame depends 
upon (1) the room required for screening, crushing and handling the coal or ore; (2) the speed 
of hoisting—with rapid hoisting it is necessary to have a height from the landing to the sheaves 


--Sheave 


of from two to three times the height of the cage or skip or a full revolution of the drum to prevent 
over winding, and (3) the desired location of the hoisting engine. With a given height of head 
frame h, the distance d, Figs. 1 to 5, depends upon the diameter of the sheave, the diameter of 
the rope, and whether the rope is round or flat. The sheave should be as large as can conveniently 
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be used, as the larger the sheave the longer the life of the hoisting rope. The inertia of a large, 
heavy sheave, however, with rapid hoisting may kink the rope and cause excessive wear. The 
bending stresses in flat ropes for a sheave of given diameter are less than in round ropes having 
equal strength, but the life of flat ropes is less than for round ropes. Flat ropes are wound on 
reels which are at all times in line with the head frame sheave, while round ropes are wound 
on a drum so that the horizontal angle between the center line of the sheave and the cable is 
continually changing. The distance, d, for flat ropes can then be less than for round ropes. 
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Fic. 6. GILBERTON STEEL HEAD FRAME, 


Hoisting from mine shafts is commonly done in two compartments of the shaft at the same 
time, the unloaded skip or cage descending as the loaded skip or cage ascends. This is known as 
hoisting in balance or counterbalance. There is a considerable saving in power in hoisting in 
balance. To hoist in balance it is necessary to take ore from one level with both skips unless the 
Whiting system is used. When a round rope winds off the drum it makes an angle with the 
groove in the sheave on the head frame and the friction increases the tension in the cable and 
also reduces its life. To reduce the friction and wear the hoisting engines are placed at a con- 
siderable distance back from the head frame. 

The head frame may be placed so that the sheaves are parallel, as in Figs. 1 to 4, or so that 
the sheaves are in tandem, as in Figs. 5 and 6. With the latter method it is necessary to place 
the hoisting engine farther from the shaft than where the sheaves are in parallel. Where the 
hoisting engine is placed well back from the shaft it becomes necessary to support the hoisting 
rope on idlers, as shown in Fig. 6. Where mines have three compartment shafts, ore is commonly 
hoisted from but two compartments, the third compartment being used for pumps, pipes, etc. 
This arrangement makes it necessary to place the head sheaves so that they will not be sym- 
metrical with the center line, bringing heavier working stresses on one side of the head frame 
than on the other side. 

Hoisting from Deep Mines.—In deep mines the rope in the mine becomes a large part of 
the load and various methods have been used to counterbalance the weight of the rope. Four 
methods for obviating the difficulty just mentioned have been used: (1) the Koepe system; 
(2) the Whiting system; (3) modifications of (1) and (2), and (4) by the use of a taper rope. These 
methods are described in the author’s ‘‘The Design of Mine Structures.” 

HOISTING ROPES.—Round hoisting ropes are commonly made of six strands, each of 
which is formed by twisting nineteen wires together, the strands being wound around a hemp 
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center. Wire strands are twisted around the core either to the right or the left, and the resulting 
rope is either “right lay” or “‘left lay.” The twist may be long or short; the shorter twist forms a 
more flexible rope, while the longer twist forms a more rigid rope. Wire rope is made of iron, 
open-hearth steel, crucible steel, and plough steel. The strength of the wire from which the 
rope is made is about as follows: iron wire, 40,000 to 100,000 Ib. per sq. in.; open-hearth steel 
wire, 50,000 to 130,000 Ib. per sq. in.; crucible steel wire, 130,000 to 190,000 Ib. per sq. in.; and 
plough steel wire, 190,000 to 350,000 Ib. per sq. in. Hoisting ropes are usually made of crucible 
cast steel or plough steel. 

Flat wire rope is composed of several round ropes whose diameter is equal to the required 
thickness of the flat rope, laid side by side and sewed together with iron or annealed cast steel 
wire. The round ropes are alternately of right and left lay or twist, have four strands without 
either hemp or wire center. The number of wires in each strand is usually seven, but may be 
nineteen. The chief drawbacks to the use of flat wire rope are its first cost and the rapid wear 
of the sewing wires. 

Flat ropes and reels are used to a limited extent in the western part of the United States, while 
round ropes are generally used in hoisting coal and in the deep copper and iron mines in Michigan. 

Strength of Wire Rope.—The dimensions, weight and strength of round crucible steel hoisting 
rope are given in Table I, while similar data for plough steel hoisting rope are given in Table II. 
The strengths of wire rope given by the different makers differ somewhat. 


TABLE I. : 


Cast STEEL HoistinG Rore. ULTIMATE STRENGTH, WORKING STRENGTH AND WEIGHT OF 
WIRE ROPE COMPOSED OF 6 STRANDS AND A HEMP CENTER, 19 WIRES 
TO THE STRAND. 


Diameter, Approximate | weight Safe Working | a =A s. Safe Working Minimum Size 
Tn. “T | Circumference, Ft. LL. °F \Load, for Hoist- OEE, oes Stress for Direct of Drum or 
In. ing, L, Lb. ape: Pull Sb: Sheave, Ft. 


11.95 456,000 76,000 + enc teak 
9.85 380,000 66,300 
8.00 312,000 52,000 
6.30 248,000 41,300 
4.85 192,000 32,000 


4.15 168,000 28,000 
3-55 144,000 24,000 
3.00 124,000 20,700 
2.45 100,000 16,700 
2.00 84,000 14,000 
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68,000 11,300 
52,000 8,700 
38,800 6,300 
27,200 4,500 
22,000 3,700 
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17,600 2,900 
13,600 2,300. 
0.22 10,000 1,670 
0.15 6,800 1,170 
0.10 4,800 800 
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Working Load on Hoisting Rope.—The stresses in a hoisting rope are the sum of the stresses 
due to (1) the weight of the rope, (2) the friction of the rope, (3) the bending of the rope over the 
head sheave, (4) the live load, and (5) the impact due to starting and stopping the load. The 
stresses due to bending are discussed in the next section. The stresses due to impact vary from 
zero to.twice the working load if the hoisting cable is taut, and to several times the working load 
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TABLE II. 


PLouGH STEEL Hotstinc Rope. ULTIMATE STRENGTH, WoRKING STRENGTH AND WEIGHT OF 
WirE Rope CoMpPosED OF 6 STRANDS AND A HEMP CENTER, 19 WIRES 
TO THE STRAND. 


Approximate 4 Safe Working Approximate Safe Working Minimum 
Diameter, In. Circumfer- Weight Load for Breaking Stress for Size of Drum 
ence, In. per Ft., Lb. Bee L, Stress, Lb. are ree or Sheave, Ft. 


& 


11.95 550,000 91,700 
9.85 458,000 76,300 
8.00 372,000 62,000 
6.30 280,000 47,700 
4.85 224,000 37,300 
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4.15 
3.55 
3.00 
2.45 
2.00 


183,000 31,300 
164,000 27,300 
144,000 24,000 
116,000 19,300 

94,000 15,700 
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2S — bending stress. 
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13 
13 
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1.58 76,000 12,700 
58,000 9,700 
46,000 7,700 
31,000 5,170 
24,600 4,100 
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16,000 2,700 
11,500 1,900 
7,600 1,270 
5,300 890 
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TABLE III. 


Cast SteeL Frat Horstinc Rope. ULTIMATE STRENGTH, WORKING STRESS AND WEIGHT OF 
’ FLAT WIRE ROPE COMPOSED OF 4 STRANDS, 7 WIRES TO THE STRAND. 


Safe Working Approximate Safe Working Approximate Diame- 
Width and | Weight in Lb. Load for Breaking Stress for Di- ter in Inches of Round 
Thickness, In. |per Lineal Foot.| Hoisting, L, Stress, Lb. rect Pull, S, Cast Steel Rope of 
: Lb: , Lb. Equal Strength. 


die 


3.90 110,000 18,300 
3.40 100,000 16,700 
A512 94,000 15,700 
2.86 86,000 14,300 
2.50 76,000 12,700 
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60,000 10,000 
56,000 9,300 
36,000 6,000 


2.00 
1.86 


1.19 


5-90 
5.10 
4.82 
4-27 
4.00 


Row 
NIH 
moors 
[-7) 
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178,000 29,700 
154,000 25,700 
144,000 24,000 
128,000 21,300 
120,000 20,000 


pore 
2S — bending stress. 


Safe working load, L, 
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3.30 _ 100,000 16,700 
2.97 90,000 15,000 
2.38 72,000 12,000 
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if the cable is slack. If a descending cage should stick and then drop, the stress will be equal 
to the kinetic energy developed and will be very large. The load due to starting a cage suddenly 
from the bottom of a shaft may be taken as 


K=2W+R+4+F Bec 3) 


where K = stress in lb. at the sheave at the instant of picking up the load; 
W = gross load in Ib.; 

R = weight of rope in Ib.; 

F = friction in lb., = (W + R)f, where f = coefficient of friction, which may be taken 
at 0.01 to 0.02 for vertical shafts and from 0.02 to 0.04 for inclined shafts with the rope supported 
on rollers. The working load should not be greater than K plus the stress due to bending, and 
should not exceed 4 of the ultimate strength of the rope, or 3 of the ultimate strength for direct pull. 

For inclined shafts with angle of inclination with horizontal = 0, the stress in the rope due 
to starting the cage is 
K’ = (2W + R) sind + f(W + R) cos @ (2) 


Bending Stresses in Wire Rope.—The stresses due to bending will depend upon the diameter 
of the rope, the make-up of the rope, the angle through which the rope is bent, and the diameter 
of the sheave. The unit stress due to bending in a round hoisting rope may be obtained from 
formula (3), the form of which is due to Rankine (‘‘ Machinery and Mill Work,” p. 533). 


d 
S = 1,894,000 D (3) 
where D = the diameter of the sheaves in inches, and d = the diameter of the rope in inches. 
The area of the steel in a round hoisting rope is approximately a = 0.4d?, and the total bending 
stress in a round rope will be 
3 


d 
Sp = S:a = 757,600 7 (4) 


Now the direct breaking strength of a crucible steel round rope is closely 
U = 60,000d? (5) 


Where bending stress is considered, the safe working load should not exceed } of the ultimate 


strength, and the safe working load, ZL, should not exceed 
‘ 3 


I = 20,0004? — 757,600 5 (6) 
The safe working loads for crucible steel round ropes based on formula (6) are given in Fig. 7.* 
For plough steel ropes the ultimate strength is U = 70,000d?, and 


3 
L = 26,7004? — 737,600 (6’) 


Mr. William’ Hewitt in ‘‘Wire Rope,”’ published by the Trenton Iron Company, gives the 


following formula for bending.t 
xe 
So = —*— (7) 
1.03 7 +C 


where E = the modulus of elasticity of steel, a = the area of the rope in sq. in., D = the diameter 
of the sheave in inches, d’ = the diameter of the individual wires in inches, and C = a constant 


* Redrawn from a diagram prepared by Mr. E. T. Sederholm, Chief Engineer, Allis-Chalmers 
Company. 
{ Also see Engineering News, May 7, 1896. 


WORKING STRESSES IN ROUND WIRE ROPE. 


eel Hoisting Kopes with six 
strands of nineteen wires each. 
/otalonit stress equals alirect 
stress plus bending stress or 
equals $0,000 /bs. per $q.in. 
Working unit stress equals 5Q000 
nunus bending stress. 
Bending stress in rope equals: 
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5=1894,000 F 
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depending upon the rope, and varies from 9.27 for haulage rope to 27.81 for tiller rope. For 


standard hoisting rope, C = 15.45. Substituting E = 29,000,000, 


= 2 / = — 
a=0.4 ad, and d 15’ we have _ 750,000d° 


Sb ee 


give practically the same results, 


(8) 


Since d is very small as compared with the values of D used in hoisting, formulas (4) and (8) 


846 


2 


The bending stresses in crucible steel flat ropes are given in Fig. 8. : 3 
Cages and Skips.—For details of cages and skips, see the author’s “The Design of Mine 


Structures.” 
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Sate Workingload in Lbs. 


Cuap. X. 


Fic. 8. Sare WorkING Stresses, L, IN CRUCIBLE STEEL, FLAT Horstinc Roper. 


Sheaves and Safety Hooks.—For details and data on sheaves, safety hooks, etc., see the 


author’s ‘‘The Design of Mine Structures.”’ 


EXAMPLES OF STEEL HEAD FRAMES.—The detail plans for three steel head frames 
‘taken from the author’s ‘‘The Design of Mine Structures” are excellent examples of stecl head 


frames. Data on 16 steel head frames are given in Table V. 


EXAMPLES OF STEEL HEAD FRAMES. 347 


Steel Head Frame for the Diamond Mine.—The details of the steel head frame of the 
~Diamond mine are shown in Fig. 9. The Diamond head frame is 100 ft. high from the collar 
_of the shaft to the center of the sheaves. The shaft is 2,800 ft. deep. The sheaves are 10 ft. 
in diameter and carry a 7 in. X 4 in. flat rope. The ore is hoisted in self-dumping skips with a 
capacity of 7 tons and weighing 33 tons, and is dumped into hoppers from which it is run directly 
into cars which pass beneath the head frame. The main front columns and back braces are 


& 
Nig 
NN ws 
SS ge 
x 
Bash tpt 
mares & = 0-0 
SSS Listadt 
Ik le ieee QL ail 
LWeb Pb. Joy Hap sed NS hs Pair f 
ALG{AtE" |. saw Teamay 
Cor PL LT eh | S&S ‘RTE 
WILLIXZ 5 BAX | r 
. <—AHI8 


ay 
jak ed 


# 
# 

> 

& es 
S 

\ 
NR 

* 


M 


Jo. OO nae 
} NRGX! wes 
Sse SS 
SS a ds 
Scare 2 ' P—- Ko 
0 J URI ea Soe 
Ss ~~) : x IN st y a s 
S Qe War gS eee 
S TS Bote feud 
v Vd Ss Soe PN Gi} 
HAR SNe eats 
| wn VQ A i = 
“RSE SWYW ET LA SS 
aan Si NSS EN AST AGS 
VID Qs YQ IS | See 
8 ' i ote \ as 
S / SS \ ay 
Sore Pia f y, 
in VA ‘ v7 
Se ER Seid 
Se ee ; ; 
re See Guides Omitted \S 
1 IRS 
thee \S 
sp pled i ee | OM ca a {a See | ale rh eee eee 
TO a / 7! Le i, | 
es Soa a a OC pa re “Olle Pore SG Oo 
SIDE ELEVATION FRONT ELEVATION 


Fic. 9. STEEL HEAD FRAME FoR D1AMOND MINE, BUILT BY THE GILLETTE-HERZOG Mre. Co. 


made of built-up sections consisting of one cover plate 20 in. X 7 in., two plates 18 in. x Te ills, 
gangles 34 in. X 33in. X 3 in., with lacing bars on the inner side 4 in. X ¢ in. The main diagonal 
bracing is made of two channels laced. The total weight of the structural steel in the head frame 
proper was 292,000 lb., while the steel work in the bins weighed 26,000 Ib. At 40 cts. per hour 
the cost of shop labor on the structural steel was 1.09 cts. per lb. The cost of erection, everything 
being riveted, was $11.20 per ton. ths 
: Steel Head Frame for the New Leonard Mine.—The steel head frame shown in Fig. 10 was 
built by the American Bridge Company for the New Leonard mine of the Boston & Montana 
Copper Company, Butte, Montana. The head frame is of the A-type, and is 140 ft. high from 
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the collar of the shaft to the center of the sheaves. The mine has a four compartment shaft, two 
of the compartments being used for hoisting ore. The mine is now 1,697 ft. deep, but the head 
frame was designed for an ultimate depth of 3,500 ft. The ore is hoisted in five-ton self-dumping 
skips with a single deck cage above the skip. The skips weigh 7,500 lb. each. Four-deck cages 
are used for hoisting men. The hoisting rope is 13 in. in diameter, a round hoisting rope being 
an innovation in the Butte district. The rate of hoisting is 2,800 ft. per minute. The skip ore 
bins have a capacity of 150 tons. From the skip ore bins the ore runs into railroad ore bins (not 
shown in Fig. 14), 26 ft. 9 in. wide by 150 ft. long, with a capacity of 1,500 tons. The sheaves are 
12 ft. in diameter, and are placed 5 ft. 10 in., center to center. 

The main posts are made of two channels 12 in. @ 203 lb., with a cover plate 16 in. wide 
and 3 in. and } in. thick, with lacing on the inner side. The back braces for the lower two 
panels are made of channels 12 in. @ 30 lb., with a plate 16 in. X 3 in.; the third section is made 
of two channels 12 in. @ 30 lb., with a plate 16 in. X 335 in., while the two upper sections are 
made of.channels 12 in. @ 20% lb., laced on both sides. The main struts and diagonal braces are 
made of two channels, with battens top and bottom. The skip, guides are made of two channels 
12in.@2031b. The main girder at the top of the back brace consists of one plate 36 in. X 3in., and 
four angles 4 in. X 4in. X $in. The skip bins are supported on columns made of two channels 
10 in. @ 15 lb., laced on both sides. Where two channels are used for a section, the flanges are 
turned out. The New Leonard head frame is one of the highest in the country, and is one of the 
best designed frames that has been constructed. The shipping weight of the structural steel in 
this head frame was 346,425 lb. 

Tonopah-Belmont Steel Head Frame.—The Belmont shaft of the Tonopah-Belmont Mining 
Co., Tonopah, Nevada, is at present 1,420 ft. deep. It has three compartments, one for the 
ladder-way and pipes and two for hoisting. Double-deck cages of the Leadville type are used 
for hoisting, but the use of skips is contemplated later. The head frame, Fig. 11, is of the A-type, 
and the height is 75 ft. from the base to the center of the sheaves. The hoisting drum is placed 
100 ft. from the center of the shaft. 

TABERSIV: 


ESTIMATE OF WEIGHT OF 75-FT. STEEL HEAD FRAME, TONOPAH-BELMONT MINING Co. 


Weight in Lb. A Details in 
Member. Tota aan Per Cent of 


Main Members. Details. Main Members. 


Back braces 9,170 4,150 13,320 
Front posts 3,590 2,790 6,380 

5,446 1,250 6,696 
Diaphragms 2,936 2,582 5,518 
Chanmelsy seks, Geeteneing en 1,790 440 2,230 
WANG lerSECUTS teas sete uoreee h 2,627 1,015 3,642 
Channel struts 3,263 2,179 5,442 
Steincersee ie seem ous 1,466 613 2,079 
Angle bracing 8,065 2,279 10,344 
Steel girders 6,673 414 7,087 


Mota lee Wome: settee ok 45,026 17,712 62,738 


The sheave wheels are of the bicycle pattern with a diameter of 84 in. at the center of the 
rope groove, and an over all diameter of 91 in. Each wheel has 16 spokes of 13 in. rolled iron 
rods. The spokes are cast at their inner ends into two rings 16 in. in diameter and 3 in. wide, 
so that they form integral parts of the hub, which is 12 in. in diameter and 16 in. long, while the 
outer ends are cast into bosses on the inside of the ring. The rolled steel shafts are 16 in. in 
diameter at the central portion with bearings 5 in. in diameter, and are 12 in. long. The rope 
grooves are turned in hard maple blocks fastened in a recess in the rim. The total weight of 
the sheaves is 2,950 lb. each. 
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The head frame is designed so as to give a factor of safety of 8 when there is on each sheave 
a load of 100,000 Ib. The head frame is sufficiently strong and rigid to permit of hoisting loads 
of 7 tons from a depth of 2,000 ft. at a speed of 1,000 ft. per minute without appreciable vibration 
during the most severe period of starting and acceleration. 


TABLE V. 


DATA ON STEEL HEAD FRAMES. 


Rate of 


Wei isti 
eight of Hoisting. 


Description. 


Mine, Ft 
Height of 
Frarne, 
Ft. In. 
Diameter of 
Sheaves, 
Ft. In. 
Size of 
Hoisting 
Rope, In. 
Method of 
Hoisting 
Weight of 
Ore, Lb. 
Weight of 
Head Frame, 
Lb. 


Skip, | Cage, 
b. | Lb. 


1|Sibley Mine, Ely, Minn... 


5,000]3,500 14,000]|2,000] ... . 


2|High Ore, Butte, Mont... : i . . . «| 14,000] 1,000] 1,200]292,000 
3|Diamond, Butte, Mont... . .. «| 14,000] 1,000] 1,200]3 18,000 
4|New Leonard, Butte, 


Mont. . Ace i ... . [10,000]2,800] . .. .|346,425 


5 |Inland apes Co. eee, 
Min 
6 kien, Elkton, Colo.. 


7|Cia. Minera de Penoles, 
Bermejillo, Mex 
8|Tonopah-Belmont, ‘Tono- 
pah, Nev 
Copper Queen, Bisbee, 


Union Shaft, Virginia, Nev. 
Speculator, Butte, Mont.. 
Basin & Bay State, Basin, 


Steward, Butte, Mont... . LE 
Anaconda, Butte, Mont. . = Skips 
Quincey Rock House, No. 

2, Hancock, Mich 3 Skips ]10,000] .... eee |2 839,000 


16|St. Lawrence, Butte, Mont. 7X¥% |Skips 


The head frame was built by the Koken Iron Works, St. Louis, Mo., was made of structural 
steel furnished under standard specifications, and was fully riveted up in place with pneumatic 
hammers. The shipping weight of the structural steel was 63,000 lb. 

The hoist is placed roo ft. from the shaft, and is a Wellman-Seaver-Morgan double drum 
electric hoist with drums having 64 in. diameter and a face 36 in. wide between flanges. The 
hoist is designed to operate in or out of balance and is capable of handling a load of 12,000 Ib. 
at a speed of 1,000 ft. per minute. The hoisting rope is a six strand, nineteen wire, plow-steel 
rope, I in. in diameter, that weighs 1.58 lb. per ft., and each rope is 1,700 ft. long. The diameter 
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of the drum at the hoist is 64 in., but the rope winds twice around the drum, so that the diameter 
is 66 in. near the end of the lift. With proper allowance for bending stresses the working stresses 
under the most severe conditions do not exceed the working load of 7.6 tons as given by the manu- 
facturers of the wire rope. : 

Estimate of Weight of a Steel Head Frame.—A summary of a detailed estimate of the 75 ft. 
steel head frame built by the American Bridge Company at Tonopah, Nev., is {given in Table IV. 
The details are 39.4 per cent of the weight of the main members. The rivet heads are 4.1 per cent 
of the weight of the structure. 

For additional examples of steel head frames, see the author’s ‘“‘The Design of Mine Struc- 
tures.” 

COAL TIPPLES.—The design of a coal tipple depends upon the quality of the coal, upon 
whether the coal is hoisted from the shaft or is taken from a drift or tunnel, and upon the work 
that it is necessary to do in order to prepare the coal for the market. The coal tipple for a bitumi- 
nous mine in which the coal is hoisted from a shaft, consists of a head frame and a shaker structure 
or tipple proper where the coal is weighed and screened. A coal tipple for an anthracite mine 
ordinarily consists of a head frame with storage bins into which the coal is run without crushing 

or screening; the coal being prepared for market in a separate breaker building. Where bituminous 
coal is dirty or contains a large amount of refuse material it is sometimes cleaned in a washer 
building, or is broken, sized and cleaned in a coal breaker. 

With a double compartment shaft the shaking structure, or tipple proper, is usually placed 
with its axis at right angles to the center line of the two compartments. The hoisting ropes 
may be either parallel to the axis of the tipple, in which case the head sheaves are parallel; or. 
may be placed at right angles to the axis of the tipple, in which case the sheaves are placed in 
tandem. The coal may be run through rotary screens, or over shaking screens as is now the 
common practice. Shaking screens are usually divided into sections and are driven by eccentrics — 
placed 180 degrees apart. The shaking screens do not ordinarily weigh more than two to three 
tons empty or four to six tons when loaded, but are driven with a velocity of 100 to 150 strokes 
per minute, with a length of stroke of from 4 to 12 in. and the shaking motion makes it necessary 
to design the shaker structure with great care in order to reduce the vibration. The best modern 
practice in the design of coal tipples is to make the head frame and the tipple, or shaker structure, 
entirely separate and independent units. 

Sizing Coal.—The object in sizing coal is to separate the dirt and slack from the coal, and 
to obtain a product that can be burned more advantageously than unsized coal. A compact — 
coal will not admit the air and will burn on the surface, and it is therefore an advantage to have 
the lumps of approximately equal size. The sizes and names of the different grades of coal differ 
considerably in different localities. 

Types of Coal Tipples.—Coal tipples may be classed under three types, depending upon the 
manner in which the coal is brought to the tipple; (1) hoisting in cages or skips from vertical or 
slightly inclined shafts; (2) cage hoisting on an incline either from a shaft, or on a bridge, or from a 
tunnel; (3) conveyor hoisting either from the mine or from a head bin into which the coal has 
been dumped from cars or skips. 

The design and operation of coal tipples will be illustrated by describing three steel coal 
tipples. (1) Steel Coal Tipple for the W. P. Rend Coal Company—vertical hoisting with self 
dumping cages and shaking screens; (2) Spring Valley No. 5 Steel Coal Tipple—vertical hoisting 
in cages, with Ramsey transfer and shaking screens; and (3) Phillip’s Coal Tipple—vertical 
hoisting with self dumping cages dumping into a storage bin. 

Steel Coal Tipple for W. P. Rend Coal Company.—The steel coal tipple for the W. P. Rend 
Coal Company, Rendville, Ill., has the head frame covering four tracks, with provision for four 
extra tracks on the opposite side of the center line of the head frame. ‘The steel head frame is — 
79 ft. 6 in. from the collar of the shaft to the center of the sheaves. The sheaves are 8 ft. in 
diameter and carry a 1 in. hoisting cable. 
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Operation of Coal Tipple.—Detail plans of the shaking screens and tipple equipment are 
shown in Fig. 12. The coal is raised from the mine in self dumping cages and is dumped into two 
weigh hoppers having a capacity of four tons each. From the weigh hoppers the coal passes 
through a dump chute, and may be run directly into cars on the track or may be run over shaking 
screens. The first section of the shaking screens is 29 ft. 9 in. long, the top deck, having a length 
of 16 ft., has $ in. round perforations; the middle, having a length of 18 ft., has 2 in. round perfora- 
tions, the bottom plate being solid. The upper deck of screens sloping toward the head frame 
has perforations 3% in. to 2 in. round; the second deck has perforations 23 in. to 3 in. round; the 
third plate deck has perforations $ in. round, the bottom deck being solid. The coal passing 
over the 2 in. and 3} in. round perforations of the main screen may be run back over the shaking 
screens just described, or may be run over the second shaking screen 27 ft. 4 in. long and 8 ft. wide. 
This shaking screen has a length of 8 ft. with perforations 6 in. in diameter. By making different 
combinations of the screens different grades of coal can be obtained, as is shown in Fig. 12. The 
shaking screens are carried on rollers 12 in. in diameter, which are operated by eccentric connecting 
rods with a 12 in. stroke. These rollers give the shaking screens a motion in two directions and 
give much more satisfactory results than the earlier method of suspending the shaking screens 
from overhead supports. The capacity of the tipple is 2,500 tons in eight hours. 

The tipple was designed and constructed by the Wisconsin Bridge & Iron Company, and 
the tipple equipment was furnished by the Link-Belt Company. 

Steel Coal Tipple at Spring Valley Shaft No. 5.—The steel coal tipple constructed at Spring 
Valley shaft No. 5, Spring Valley, Illinois, is one of the best examples of steel tipple construction 
for bituminous mines. The steel tipple building is 187 ft. long, 36 ft. wide and 35 ft. from the 
track level to the level part of the main tipple floor. The steel head frame is 75 ft. and 85 ft. 
6 in. from the track level to the centers of the sheaves, respectively. The sheaves are Io ft. in 
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Fic. 14. STEEL HEAD FRAME, SPRING VALLEY COAL TIPPLE, SHAFT NO. 5. 
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diameter and are placed tandem with the hoisting rope, and at right angles to the axis of the 
main tipple building. The hoisting rope is crucible steel 13 in. in diameter. The steel tipple 
building and head frame are covered with No. 18 galvanized corrugated steel carried on steel 
purlins. Detail plans of the tipple structure are given in Fig. 13 and of the head frame in Fig. 14. 
The head frame and tipple building are fully braced and make a very rigid structure. The main 
track floor of the tipple is level over the first five panels on the left of the structure, the remainder 
of the floor having a pitch of 4 in. in 17 ft. The tipple floor is covered with 4 in. planking spiked 
to 4 in. nailing strips which are carried on I-beam joists. The weight of the structural steel, 
including the corrugated steel but not including tipple equipment, was 415,530 lb. 
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Fic. 15. PLAN OF TIPPLE TRACKS, SPRING VALLEY No. 5 COAL TIPPLE. 


Operation of Tipple-—The detail track plan is shown in Fig. 15; the operation of the Ramsey 
transfer is shown in Fig. 16, and the arrangement of the shaking bar screens is shown in Fig. 17. 
Two coal cars containing 1% tons each are hoisted on the shaft cage. The loaded cars are pushed 
off the cage and two empty cars are pushed on the cage by means of a steam pusher, as shown in 
Fig. 16. From the cage platform the loaded cars run by gravity on a 1% per cent grade to the 
dumps, where the coal is dumped by, Phillips automatic tipples or dumps. After dumping, the - 
cars pass to the right by gravity on the 10 per cent descending grade and are stopped by a 2 per 
cent ascending grade and a short piece of track. The cars then return by gravity, and may either 
be switched to the outside tracks or run back on the transfer tracks. The empty cars are run on 
the platform of the Ramsey transfer and are raised by a steam cylinder a height of 4 ft. 7 in. to 
the level of the floor of the shaft cage, and are ready to be shoved on the cage by the steam pusher. 

The coal is dumped by the Phillips tipple dumps into one of two weigh hoppers 5 ft. wide, 
as shown in Fig. 17. After the coal is weighed it runs out of the weigh hopper on a converging 
chute having a slope of 30 degrees with the horizontal. From the conve ee chute the coal 
runs over shaking bar screens 6 ft. 6 i in wide, the bars being placed } in. apart. The fine coal 
passing through this screen runs over a $ in. shaking bar screen and is chuted into the cars. The 
slack passing through the $ in. bar screen is run directly into the cars. From the ¢ in. shaking 
bar screen the lump coal passes through a converging chute and over a bar screen 5 ft. 6 in. wide 
with the bars spaced 5 in. apart, from which the lump coal is run into cars. It will be noted that 
five grades of coal are obtained: Buin run coal; lump coal passe: over the 5 in. screen; coal passes 
the 5 in. screen and retained on a # in. screen; nut coal passing a 3 in. screen and retained on a § in. 
screen, and slack. 

The capacity of the coal tipple is from 1,800 to 2,000 tons per day. The tipple was designed 
by Mr. W. Morava, Consulting Engineer, Chicago, Ill., and was built by the American Bridge 
Company in 1900. 

Steel Coal Tipple for the Phillips Mine.—The steel coal tipple at the Phillips mine of the 
H. C, Frick Coke Company is an excellent example of a modern coal tipple for handling bituminous 
coal. Detail plans of the coal tipple are shown in Fig. 18. The steel head frame is of the 4-post 
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type, and is 107 ft. from the collar of the shaft to the center of the sheaves. The main tower of 
the head frame has six posts made of 4 Z’s 3 in. X 27g in. X $ in. with one plate 6 in. RQ 2 in. The 
back braces consist of three columns having the same section as the main posts. The head frame 
is fully cross-braced with angle struts, as shown in Fig. 22. The batter of the main tower columns 
is I in. in 12 in., while the back brace makes an angle of 30 degrees with the vertical. The sheaves 
are 10 ft. in diameter and are supported on I-beams, resting at the end nearest the engine house 
on a built-up frame of angles and plates carried on two 15 in. I-beams, so as to make the necessary 
clearance for the sheaves. The roof trusses above the sheaves carry two I-beams, on the lower 
flanges of which are trolleys arranged for the attachment of chain blocks for placing and re- 
placing the sheaves. The shipping weight of structural steel, including the corrugated steel, was 
569,500 lb. - 
TABLE VI. 


DATA ON STEEL COAL TIPPLES. 


Rate of 
Hoisting. 
————————| Weight of Struc- 
Tons ture in Lb. 

per 
Day. 


Height of 
Head Frame, 
Ft. In. 
Diameter 
Sheaves, 
Ft. In. 
Size of Hoist- 
ing Rope, In. 
Method of 
Hoisting. 
Weight of 
Cage Skip, 
Lb. 
Weight of 
Coal, Lb 


| 
| 


Phillips Coal Tipple, 6 tons 
Pennsylvania 


= 
2 
ie) 
fol 

ooleo 


Philadelphia & Read- 
ing, Gilberton ... iets 
Cardiff No. 2, Cardiff, 8 


ll compartment 


Spring Valley No. 5, 3 
Spring Valley, Ill. . 3 415,530 

Alberta Railway & Ir- 
rigation Co., Leth- 500,000 
bridge, Alta 

Rend Tipple, Rend- 
ville, Ill g | du Frame 100,000 

Shaker 56,000 


Carbon Tipple, Car- 355,400 Struc- 


tural steel 
16,800 Corru- 
gated steel 


R. F. C. Co. Tipple, 171,200 Struc- 


Montana tural steel 
31,300 Corru- 


gated steel 
117,200 Struc- 
: tural steel 
Gebo Tipple, Montana 2 Sas ge el ee 10,300 Corru- 

gated steel 


bon, Montana 


The coal is hoisted in self-dumping cages which dump the coal into distributing chutes, in 
which it runs by gravity to the bins having a capacity of 800 tons. The coal, being all used for 
making coke, is not screened or weighed. 

The storage bins are built with a steel framework and are lined with 3 in. buckle plates on 
the sides, and have a # in. plate floor. The sides are supported by the 15 in. I-beams @ 42 lb., 
spaced 3 ft. 54 in. center to center. The inclined bottom framing consists of girders having 48 
in. X %in. web plates and flanges composed of two angles 6 in. X 6 in. X 7 in., and are tied together 
with ties consisting of two angles 8 in. X 8in. X $in. and one plate 17 in. X } in. at the bottom, 
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and 15 in. I-beams @ 42 lb. at the top, the girders being spaced 3 ft. 54 in. center to center. The 
main side girders are composed of two I-beams 15 in. @ 42 !b., and one channel 15 in. @ 33 Ib. 
The § in. plate floor is carried on 12 in. I-beams spaced about 1 ft. 6 in. centers. The steel plate 
floor is placed at a slope of 8 in. in 12 in., and it is stated that 95 per cent of the coal can be with- 
drawn from the bin. The bins discharge through vertical gates in the sides into motor-driven 
larries, which run to the coke ovens. The vertical gates are raised by rack and pinion and chain 
wheels. 

Data on ten steel coal tipples are given in Table VI. For additional examples and data on 
steel coal tipples, see the author’s ‘‘The Design of Mine Structures.”’ 


SPECIFICATIONS FOR STEEL HEAD FRAMES AND COAL TIPPLES, WASHERS 
AND BREAKERS.* 


Panes is 
BY 


MILO S. KETCHUM, 
IMIS ins Soret kes 1a 


1912 


GENERAL DESCRIPTION. 


198. Types of Structure.—The structure shall be of a type that will give maximum rigidity 
and strength. The structure shall be of a type in which the stresses can be calculated either by 
statics or by taking into account the deformations of the members. 

199. Bracing.—All bracing shall be stiff, and shall be riveted together at all intersections to 
give maximum rigidity. 

200. Proposals.—Contractors in submitting proposals shall furnish complete stress sheets, 
general plans of the proposed structures, giving sizes of material, and such detail plans as will 
clearly show the dimensions of the parts, modes of construction and sectional areas. 

201. Detail Plans.—The successful contractor shall furnish all working drawings required 
by the engineer free of cost. Working drawings will, as far as possible, be made on standard 
size sheets 24 in. X 36 in. out to out, 22 in. X 34 in. inside the inner border lines. 

202. Approval of Plans.—No work shall be commenced or materials ordered until the working 
drawings are approved in writing by the engineer. The contractor shall be responsible for dimen- 
sions and details on the working plans, and the approval of the detail plans by the engineer will 


not relieve the contractor of this responsibility. 
‘ 


Loaps. 
203. The structures shall be designed to carry the following loads without exceeding the 


permissible unit stresses. 
204. Dead Loads.—The dead loads shall consist of the weight of the head sheaves, sheaves, 


blocks and girders, the weight of the structure, and all concentrated machinery and equipment 


loads. 
205. Working Loads.—The working loads on head frames for vertical shafts shall be taken 


as equal to 
RaW RW aR) (1) 


where K = the working stress in Ib. at the head sheave at the instant of picking up the load; 
W = the gross load of the cage or skip and the load of ore or coal in lb.; R = the weight of the 
rope from the head sheaves to the bottom of the shaft in lb.; and f = coefficient of friction of the 
rope, skip and sheaves, which may be taken at 0.01 to 0.02 for vertical shafts and 0.02 to 0.04 for 


inclined shafts with ropes supported on rollers. 
206. For inclined shafts the working load shall be taken as 


K’ = (2W + R) sin 6+ f(W +R) cos 0 (2) 
where @ = the angle of inclination of the shaft with the horizontal. 


* From Specifications for Steel Mine Structures as printed in the author’s “The Design of 
Mine Structures.” Part I is “Specifications for Steel Frame Buildings” as printed in Chapter I. 
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207. Breaking Load.—The head frame shall be designed for a load in one or all of the hoisting 
ropes equal to the breaking stress of the hoisting rope as given in the manufacturer’s catalog. 

208. Machinery Loads.—The stresses due to machinery, crushers, tipple equipment, etc., 
shall be considered the same as the stresses due the working or live load. 

209. Wind Loads.—Where the head frame or tipple is enclosed the wind load shall be assumed 
as 30 lb. per sq. ft. of exposed surface acting horizontally. Where the framework is open the 
wind load shall be taken as 50 lb. per sq. ft. acting on the projection of the members of the head 
frame or tipple. In calculating the stresses due to wind, the wind loads may be assumed as 
applied at the joints of the structure. Where one side of the structure is open so that a deep cup 
or pocket is formed the wind load shall be taken as not less than 60 lb. per sq. ft. on the projection 
of the cup-like surface. 

210. Snow Loads.—Snow loads shall be taken the same as for steel frame buildings. 


ALLOWABLE UNIT STRESSES. 


211. Steel head frames, coal tipples, coal washers and breakers, and similar structures shall 
be designed for the following allowable stresses. 

212. Dead Load Stresses.—The allowable unit stresses for dead loads shall be the same as 
for steel frame buildings given in ‘‘Specifications for Steel Frame Buildings.’’ Snow loads shall 
be considered as dead loads. 

213. Working Load Stresses.—The allowable unit stresses for working loads shall be one-half 
the allowable unit stresses for dead load stresses as given in ‘Specifications for Steel Frame 
Buildings.”’ 6 : ; 

214. Bins.—Bins shall be designed for two thirds the allowable unit stresses for dead load 
stresses as given in ‘‘ Specifications for Steel Frame Buildings.” 

215. Breaking Load Stresses.—The allowable unit stresses for the maximum stresses due 
to breaking one or all the hoisting ropes shall be equal to the allowable unit stresses for dead load — 
stresses, plus 50 per cent, equal to three times the allowable unit stresses for working loads. The 
breaking loads and working loads for any shaft compartment or machine need not be assumed 
as acting together. 

216. Machinery Load Stresses.—The allowable unit stresses for the maximum stresses due 
to machinery and moving. loads shall be the same as the allowable unit stresses for working loads, 
equal to one half the allowable unit stresses for dead load stresses. 

217. Wind Load Stresses.—The allowable unit stresses when the wind load stress is com- 
bined with the dead load stress plus twice the working load and machinery load stresses shall not 
exceed the allowable unit stresses for dead loads by more than 25 per cent. If the sum of the 
wind load unit stress, the dead load unit stress, and twice the working load and machinery load 
unit stresses exceed the allowable unit stress for dead loads by more than 25 per cent the area of 
the section shall be increased to reduce the actual stresses to within the prescribed limit. Wind 
load stresses need not be combined with breaking load stresses. 

218. Reversal of Stress.—Members subject to a reversal of stress due to a combination of 
dead load stresses and working load stresses shall be designed to take both tension and com- 
pression, each stress being increased by one half the smaller of the two stresses. Members subject 
to a reversal of stress due to wind stress combined with dead load stresses and working load 
stresses, or breaking load stresses combined with dead load stresses shall be designed to carry 
both stresses. 


EQUIPMENT. 


219. Skips and Cages.—Skips and cages shall be made of structural steel, as shown on the 
detail drawings. They shall be provided with guide shoes and safety devices. For inclined 
shafts the wheels shall have phosphor bronze bushings. 

220. Safety Detaching Hooks.—All skips and cages shall be provided with effective detaching 
hooks. The case shall be designed to take the stress due to a loaded cage or skip dropping a 
vertical distance of two feet. 

221. Bin Gates.—Unless otherwise specified all bin gates shall be of the undercut type. 
All gates shall be equipped with operating mechanism so that they can be opened in service by 
one man. 

222. Screens.—Fixed screens shall be made of bars as shown on the drawings and shall be 
supported so that the bars will not be permanently deflected under the load. The screen bars 
shall be placed at an angle so that they will screen the ore or coal without choking up. 

223. Shaking screens shall be carried on rollers and be driven by eccentric connecting bars. 
They shall be placed at proper slopes, and shall be provided with all necessary gates. Unless 
otherwise specified the screens shall be made of structural steel. 

224. Rotary screens shall be made of structural and machinery steel, and shall perform the 
work required by the specifications. 
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225. Coal Tipples or Dumps.—Coal tipples or dumps shall be provided as shown on the detail 
‘plans or called for in the specifications. 

226. Dumping Devices.—Where self-dumping skips or cages are used an efficient and satis- 
factory dumping device shall be provided. 

227. Head Sheaves.—The head sheaves shall be substantial with the top flanges turned 
smooth and true to receive the hoisting rope. The sheave wheel shaft shall be of the best grade 
of machinery steel of ample strength, carefully and truly made. The sheave boxes shall be lined 
with the best quality of anti-friction metal and shall be adjustable to take up the wear. Unless 
otherwise specified the sheave wheels shall have wrought iron spokes. : 

228. Landing Stage.—An efficient landing device shall be furnished. 


DETAILS OF CONSTRUCTION. 


229. Unless otherwise provided for the details of construction are to be the same as for 
steel frame buildings. 

230. Design.—In designing head frames, coal tipples, coal washers and breakers and similar 
structures care shall be used to strongly brace the different parts of the structure in order that it 
may be rigid. Preference shall be given to types of structures that are statically determinate. 
Where 4-post head frames and other statically indeterminate structures are used the stresses shall 
be calculated by taking account of the deformation and distortions of the members.* All bracing 
is to be made of stiff members; the use of rods or bars will not be permitted, except for sag rods 
and anchors. It is very important that head frames, coal tipples, coal washers and breakers and 
similar structures be made very rigid. 

231. Lengths of Compression Members.—The length of compression members in head 
frames and shaker structures shall not exceed 100 times the least radius of gyration for main 
members nor 140 times the least radius of gyration for secondary bracing. 

232. Lengths of Tension Members.—The length of tension members in head frames shall 
not exceed 150 times the least radius of gyration for main members, nor 200 times the least radius 
of gyration for secondary bracing. The length of a tension member is to be taken as the distance 
center to center of end connections. 

233. Splices.—All splices in main members shall be designed to carry the full strength of 
the member. 

234. Reaming.—The rivet holes for all field splices shall be punched to a diameter 3 in. less 
than the finished hole and shall be reamed to the required size with the members bolted in place 
with an iron templet. All metal more than 3 in. thick shall be punched and reamed, or be drilled 
from the solid. 

235. Minimum Thickness of Metal.—The minimum thickness of metal in plates and sections 
shall be 33 in., except for fillers. 

236. Erection.—All field connections shall be riveted. Before the riveting is.begun all field 
connections shall be fully drawn up with field bolts, in not less than one-half the holes of each 
joint. 

237. Materials and Workmanship.—All materials and workmanship shall comply with the 
Specifications for Steel Frame Buildings unless otherwise specified. 

238. Painting.—All steel work shall receive one coat of satisfactory graphite or carbon paint 
at the shop. Before erecting all abraded spots shall be touched up, and all rivet heads shall be» 
painted as soon as accepted by the inspector. After the erection is complete all structural steel 
work shall be given two coats of satisfactory graphite or carbon paint. The three coats of paint 
shall be of different colors. 

REFERENCES.—For additional data for the design of head frames, rock houses, coal tipples 
and other mine structures, and for numerous examples of structures, see the author’s ‘ The 
Design of Mine Structures.’’? This book gives the calculation of stresses in head frames, and also 
gives a full discussion of the details of design of mine structures, including specifications, methods 
of construction and costs. 


* For the calculation of the stresses in mine structures, see the author’s ‘‘The Design of Mine 
Structures.” i 


CHAPTER XI. 
STEEL STAND-PIPES AND ELEVATED TANKS ON TOWERS. 


DATA FOR DESIGN.—The following data will be of assistance in the design of steel 
stand-pipes and elevated tanks on towers. For definitions of stand-pipes and elevated tanks 
on towers, see the specifications in the latter part of this chapter. 

_ Notation:— 
h = distance in ft. of any point below the top of the stand-pipe or elevated tank; 
d = diameter of the stand-pipe or elevated tank in feet; 
r = radius of the stand-pipe or elevated tank in feet; 
t = thickness of the shell in inches at any given point; 
pb = hydrostatic pressure in lb. per sq. in. at any point = 0.434h; 
S = stress per vertical lineal inch of stand-pipe; 
S = unit stress in lb. per sq. in. in vertical section of stand-pipe; 
iS’ = stress per horizontal lineal inch of stand-pipe; 
s’ = unit stress in lb. per sq. in. in horizontal section of stand-pipe; 
S’’ = stress per lineal inch along a circumferential line, due to wind; 
s’’ = unit stress in lb. per sq. in. in circumferential line, due to wind. 
Formulas for Stresses in Stand-Pipes.—The stress per lineal vertical inch of stand-pipe is 


62.5h-d 


LATS 


= 2.O ed, (1) 


The stress per sq. in. is : 
s = 2.6h-d/t (2) 


The stress per horizontal lineal inch of stand-pipe due to the weight of stand-pipe W, is 


S’ = W/(127-d) = 0.026W/d (3) 
The stress per sq. in. is 
s’ = 0.026W/(d-t) (4) 


For ordinary conditions the wind pressure is taken at 30 lb. per sq. ft. acting on two-thirds 
of the surface, or 20 lb. per sq. ft. on the entire surface; while for exposed positions the wind pressure 
may need to be taken as high as 45 Ib. per sq. ft. acting on two-thirds of the surface, or 30 lb. 
per sq. ft. on the entire surface. Recent Prussian specifications require that circular chimneys 
be designed for two-thirds of 25 lb. per sq. ft. At 30 lb. per sq. ft. acting on two-thirds of the 
surface (20 lb. per sq. ft.) the bending moment at any distance h below the top, due to wind is 


M =20 Xd-h Xh X 12/2 = 120d-h? (5) 
where JM is in in.-lb. 
The stress in the extreme fiber of the shell is 


Ss = Mey /T (6) 


Now y = 127, I = 4r(ri4 — ro!) = t-r- 73 (approx.—r is in ft.8 and ¢ in in.) = ¢-a-r5- 128 (in in.4). 
Substituting y and J in (6) 

120d-h?-r-12 

~ ibem-r 128 

= 1.06/?/(t-d) (7) 
365 


A 


s 


366 STEEL STAND-PIPES AND ELEVATED TANKS ON TOWERS. Cauap. XI. 


The stress per lineal inch will be 
S” = 1.06h2/d (8) 


If the allowable stress in the net section of the plate is 12,000 lb. per sq. in., and e = efficiency 
of joint, then from (2) 
t = 2.6h-d/(12,000 X e) (9) 


where values of e for different conditions are given in Table Ila. 
Formulas for Stresses in Elevated Steel Tanks.—The stress per lineal vertical inch of plate 
is the same as in stand-pipes 
S = 2.6h-d (1) 
and the unit stress in vertical joints is 
Ss = 2.6h-d/t ; (2) 


Stresses on Radial Joints.—Spherical Bottoms.—In a hemispherical bottom the radial 
stress per sq. in., 74, will be one-half the stresses in a cylinder of the same radius and the same 
internal pressure. : 
Ti = 2.6h-d/(2t) = 2.6h-r/t (10) 


In a segmental bottom (0) Fig. 1, the stress Ty’ will be 


W-csc@  _ W-csc?6 


La 
hrs X 12r-b-t = 24m-rn ct (rag 
Now W = 62.5h-7-0? = 62.5h-7-7:2-sin? 6, and 
REVI pT 
Ti = 24t = 2.6h n/t (12) 


which reduces to equation (10) for a hemispherical bottom when 7; = 7. 


A 
(Pp core le => 
i ZgrwN Re < | 
pcscO ef ra ‘ 
(2) CONICAL BOTTOM (b) SEGMENTAL BOTTOM 


Figs. 
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Stresses on Radial Joints. Conical Bottoms.—In a conical bottom the stress per sq. in. 
wr 2 D 
Ty” will be from (a) Fig. 1, 
W-csc 0 


}Y (ae 
i 2ri+m+I2t (13) 
_ Now 
W= 62.5h-3- ry’, 
and 
62.5h+m-7r12+csc 0 
Ripe 
ighe mee ie (14) 
= 2.6h-r-csc 6/t (15) 


Stresses on Circumferential Joints. Conical Bottoms.—In (a) Fig. 1, pass two horizontal 
planes through the cone so that the intercept along the cone will be a unit in length. The tapered 
ring cut away has a pressure of p’ lb. per lineal inch. This pressure p’ may be resolved into a 
pressure along the element of the cone, f1 = p’ cot 6, and a horizontal pressure, f2 = p’ csc 0. 
The stress in circumferential joint will be 


FRM oes 12po°ri/t = 12p'-r1+csc 6/t 


12 X 0.434h-ri-csc 6/t 
= 5.2h-r1-csc 6/t (16) 


which is twice the stresses in the radial joints. 

Stresses in Circumferential Joints.—Spherical Bottoms.—The radial unit stress in a hemi- 
spherical bottom is given by equation (12). Nowinasegment of a spherical shell the curvature 
is the same in all directions, and the unit stress on a circumferential joint will be the same as on 
a radial joint, and 

Ty! = Ti = 2.6h- n/t (17) 


Connection Between Side and Bottom Plates.—With a conical bottom the inclined pull per 
lineal inch at the bottom of the circular tank will be from (15) 


T,!"! = 2.6h-r csc 6. (18) 


The compressive stress in the horizontal ring will be due to the horizontal components of the 


inclined stresses and will be 
P' = T,'" cos 0-r X 12 


= 31.2h+r?-cot 0 (19) 


There are no inclined or compressive stresses in a hemispherical bottom unless the circular 
shell and the hemispherical bottom are joined by an elliptical segment. If the radius of the 
circular tank divided by the radius of the segment = 2, there will be no secondary stresses (see 
“Stresses in Tank Bottoms,” by Professor A. N. Talbot, The Technograph No. 16, p. 139). 

Stresses in a Circular Girder.—The circular girder supports the weight of the tank, the 
contents of the tank, and its own weight. The load is uniformly distributed along the girder. 
The girder rests on or is supported by four or more columns, and transmits its load to them. 

Let W = total load on girder in lb.; 

ry = radius of girder in in.; 
n = number of posts; 
= 2r/n = angle at center subtended by radii through two consecutive posts; 
= angle subtended at center by any arc; 
= direct bending moment in the girder at any point in in.-Ib.; 
torsional bending moment in girder at any point in in.-lb.; 
= shear in girder at any point in lb.; 
= Pb, etc., = reactions of columns in lb. 
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Now in the author’s ‘‘Design of Walls, Bins and Grain Elevators” it is proved that the 
bending moment at the supports is 


Wits (ateren | 
M,= — (2 _ x cot) (20) 
ACE as De 
and the maximum moment midway between the posts is 
2 sin? — 

a. Wer| .-@ 
MM, = M,-cos= + ——]| sin= — 21 
‘ : 2 ‘i 2n 2 a By 

2 


The torsional moment is zero at the supports and midway between the columns, and is a 
maximum at the points of zero bending moment at points between the columns. 
The torsional moment is 
__ sin a’ ) 
a’ 


Ty = My-sin a’ — era — cosa’) + 


Wal -r ( 
I 22 
Fi (22) 
Values of M and T are given in Table Ia. 


TABLE Ta. 


STRESSES IN CIRCULAR GIRDERS. 


Load on 
Post, Lb. 


Max. Shear, 
Lb. 


Bending Moment 
at Posts, In-lb. 


Bending Moment 
Midway Between 
Posts, In-lb. 


Angular Distance 
from Post to Point 
of Max. Torsion. 


Max. Torsional 
Moment, In-lb. 


W-+>4 
W-~-6 
W~-8 
W = 12 


W-~> 8 
W +12 
W ~ 16 
W > 24 


—0.03415W +r 
—0.01482W +r 
—0.00827W +r 


—0.00365W-r 


+0.01762W-r 
+-0.00751WV +r 
+0.00416W +r 
+0.00190V +r 


FOC MIae 
1 PVA, 


9 33 
6 21 


0.0053 W-r 
o.oo1s1 Wer 
0.00063 Wr 
0.000185 -+r 


Stresses in Columns.—The stresses in the columns will be due to the dead load and to the 
wind moment. The vertical components of the dead load stress will be equal to W divided by 
the number of columns, where W is the total weight of tank and the water. To calculate the 
stresses due to wind moment in the columns proceed as follows: Calculate the wind force by 
multiplying the exposed surface by the wind pressure, and assume the wind force as acting through 
the center of gravity of the exposed surface. The pressure on circular tanks may be taken at 
two-thirds of 30 lb. per sq. ft. of the surface at right angles to the direction of the wind. To 
calculate the stresses in the columns at any point pass a horizontal section through the columns 
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as in Fig. 3. Then the maximum vertical stress in column 1 will occur on the leeward side when 
the wind is blowing in the direction 1-1. If M is the wind moment about the axis A—B, the 
moment of the stresses in the column about axis A—B will be equal to M. Ina towef with 8 
columns as in Fig. 3 we have (stress 1) X 27 + (stress 2) X 4r-cos 45° = M. 

But Stress 1 is to Stress 2 as r is to r-cos 45°; and Stress 1 (2r +2r) = M. Stress1 = M/4r, 
and Stress 2 = 0.7M/4r. In a 6 column tower the stress in the most remote post is M/3r and 
in each of the others is } M/3r. Ina 4 column tower the stress in each column is M/2r. If the 
columns are vertical the maximum stresses will occur at the foot of the columns; if the columns 
are inclined the stress should be calculated at both the top and the bottom. The maximum 
stresses will be the sum of the dead and wind load stresses. 

Having calculated the vertical components of the stresses in the columns, the stress in the 
column will be equal to the vertical component multiplied by the secant of the angle between the 
column and a vertical line. 
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If the upward pull of the columns on the windward side is greater than the dead load when 
the bin is empty the column must be anchored down. The masonry footing should have a 
weight equal to at least one and one-half times the resultant upward pull. 

DETAILS OF STEEL TANKS.—The standard plans in Fig. 10 and Fig. 11 and the Jack- 
son, Minn., tank in Fig. 6, show the plates in alternate courses of different diameters, while the 
standard details of the Chicago Bridge and Iron Co. in Fig. 8 shows the plates telescoped with 
the edge of the plate for caulking on the inside so that it may be caulked from above. The stand- 
ard specifications given in the last part of this chapter, also the specifications of the American 
Railway Engineering Association in the last part of this chapter both require that the plates in 
alternate courses be of different diameters as shown in Fig. 10, Fig. 11, and Fig. 6. 

Hemispherical or segmental bottoms are now quite generally used, the conical bottom being 
rarely used on account of the difficulty in making a satisfactory connection to the tank cylinder. 
Spherical tank bottoms are used to a limited extent. 

The standard details of the Chicago Bridge and Iron Co. for circular water tanks and hemis- 
pherical bottoms are given in Fig. 8, and the standard column details are shown in Fig. 9. 

The properties for water tight joints together with shearing and bearing values of rivets are 
given in Table IJa. Standard plans for a 95,000 gallon tank ona Ioo ft. tower are given in Fig. 10; 
while standard plans for a stand-pipe 20 ft. in diameter and go ft. high are given in Fig. 11. Table 
Ila and Fig. 10 and Fig. 11 were prepared by Mr. C. W. Birch-Nord to accompany the standard 
specifications printed in Trans. Am. Soc. C. E., Vol. 64, and partially reprinted in this chapter. 
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TABLE, Ila. 
PROPERTIES OF WATERTIGHT JOINTS. 


/ 
% Rivets 


RS 
2 
< 
oO 
ot 
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56 Rivets 


Thickness 
of plate 
Number of 
rows of 
Efficiency 
f joints 
in inches 
Effective 
section of 
plates 
Efficiency 
of joints 
in per cent 
Pitch of 
rivets 
in inches 
Effective 
section of 
plates 
Pitch of 
rivets 
in inches 
Effective 
section of 
plates 
Efficiency 
of joints 
rivets 
in inches 
Effective 
section of 
plates 


C} 0: 


Lap Joints 


0.522 
0.498 
0.553. 


Butt Joints 


Note: 
Heavy figures indicate 
economical riveted joints 


05] DS] co/ D9] C2] DY] C9] DO] CO) DO] Co] DY) co] DO, CO] DY] Co] DO] G9] DO] Co / DO) CO PO] co] DO] Co] DO] DO] | DO 


Note: The distances between rivets at caulked edges shall never exceed 10 times the thickness of plates 
or straps. The thickness of each strap for butt joints shall never be less than half the thickness of 
the plates plus j inch, 


SHEARING AND BEARING VALUE OF RIVETS. 


* 8 2-3 

E g a 5 a 8 Bearing value for different thicknesses of plates, in inches, at 18000 Ib.per sq.in. 

Pho Pica 7 ? 

ae! ELI eee eel 
4 2813 '/18516 [49191 | 4022) [25625 |. 6328 |L103N | aia [essa | el eae] ee 
% [0.4418] 3976 | 3375 | 4219 | 5063 | 5906 | 6750 [ 7594] 8438 | 9281 | 10125 EEN 
& 10.6018] 5412 | 3938 [ 4922 | 5906 | 6891 | 7875 | 8859 | 9844 | 10828 | 11813 | 12797 | 13781 
1 4500 | 5625 | 6750 | 7875 10125 | 11250 | 12375 | 13500] 14625 | 15750 | 16875 | 18000 


Single riveted Double riveted Triple riveted Double riveted Triple riveted 
lap joint lap joint lap joint 


i butt joint ~ butt joint os 
: “i 
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Yor ag Rivets VAS. 
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DETAILS OF STEEL TOWERS.—Steel towers are commonly made with four columns, 
although eight or twelve columns are sometimes used for large elevated tanks. The columns of 
towers are commonly made of two channels, laced top and bottom; of two channels with top 
cover plate and bottom lacing; of a built H section made of plates and angles, or a rolled H section. 
Z-bars are now very difficult to obtain and the Z-bar column should not be used. The struts 
are made of built channels, or of angles, or of plates and angles. The diagonal bracing is commonly 
made of rods with adjustable clevises or turnbuckles. 

EXAMPLES OF STEEL STAND-PIPES AND ELEVATED TANKS ON TOWERS. —The 
design of steel stand-pipes and elevated tanks on towers will be illustrated by describing several 
typical examples. 
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Fic. 8. DETAILS OF TANK AND HEMISPHERICAL Bottom. CHICAGO BRIDGE & IRON Co. 


Railway Water Tanks.—F our typical examples of steel water tanks are shown in Fig. 4; the 
50,000 gallon railway water tank in (a) Fig. 4 was designed by the American Bridge Coinpany; 
the 65,000 gallon water tank in (0) is a standard tank on the Harriman Lines; the 50,000 gallon 
tank in (c) was designed by the C. B. & Q. R. R.; while (d) is a typical stand-pipe. 

Elevated Tank and Tower for Jackson, Minn.—Details of the steel elevated tank and tower 
designed by Mr. L. P. Wolff, Consulting Engineer, St. Paul, Minn., for Jackson, Minn., are shown 
in Fig. 5, Fig. 6, and Fig. 7. A general plan and details of the foundations and the roof are shown 
in Fig. 5. Details of the riveting of the tank plates; details of the columns, and details of the 
frost proofing are shown in Fig. 6. Details of the circular girder, and the connections of the 
columns are shown in Fig. 7. The tank has a hemispherical bottom with a conical sub-bottom. 
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Fyc. 9. DETAILS oF COLUMN CONNECTIONS FOR ELEVATED TANK AND TOWER. 


CHICAGO BripGE & [RON Co. 


STANDARD PLAN OF ELEVATED TANK ON TOWER. 377 


Hp Plates F 
Me ae 3% Reinforced 
Plate 
1-2-d22'YigxXf for 
\' Plates Painters trolley 
_ t Provide drain holes 
niside Diametee| 
446 Roof Plates i l 
il e 
2 LL 5x33gx3h 
{Plates 
| Plates fe 95000-GALLON TANK 
ON 100-FOOT TOWER 
: O.LExp.Joint 
| Reinforcement & Sp 
Bar; Paaad Plats Sf General Notes: 
1-Z = Ar: : 8 3 Actual Capacity of Tank 96,200 Gal. 
Detail at Roof Beara ors Wind load 30 lb.per square foot. 
2-87 at}}934 lac Unit Strains , Material, and 
ee , Workmanship according to 
-12 lb. General Specifications for Elevated. Steel 
3 Tanks and Stand-pipes 
4 = 
8 a 
ae 3 
= 
2: a 
« & Ro | 
oes! 2 
a 8 g\%, |\l% 
£ 3 & ay # \ 
3 
Els 4 “stlll193¢ Tacea 
£|4 = ne eee oo 2- [8,7 at||//|994_ Tae 
2\4 asa 13 800|]]]]1b. 
z/8 = 33383 S| 
ley aN Bas 24 
to | oy at 4 6a 
Sis a gy; ES 3 
BI av 1 L 4| i ae 3 
3 3 4 Aid BB a 
Els - HAE ey” B 
FAR S t NN =] 
Ross : Uy, 328x346 7 3 < 
1L 5x334x746/]] ikea = $e =) 
100% Eff.eplice 2-Ls 8x3x)/16 ey Ya, ay 
. Provide 21x2x4/" RS) 4, S) s 
stiffening L* an | ‘af oy S Detail_of Expansion Joint 
SOEM a) Maximum 
. uplift = 
Detail at Balcony 


Fic. 10. STANDARD PLAN oF ELEVATED TANK ON TOWER, BY C. W. Brrcw-Norpb. 
(Trans. Am. Soc. C. E. , Vol. 64, 1909-) 


378 STEEL STAND-PIPES AND ELEVATED TANKS ON TOWERS. Cuap. XI. 


The details work out very satisfactorily. Mr. Wolff has designed a number of elevated tanks 
and towers following the standard details in the Jackson Goa The details of construction are 
shown by the drawings. 
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Fic. 11. STANDARD PLAN OF STAND-PIPE, BY C. W. BrrcH-Norp. 
(Trans. Am. Soc. C. E., Vol. 64, 1909.) 


SPECIFICATIONS.—The details of design of steel stand-pipes and elevated tanks on 
towers are given in the specifications prepared by Mr. C. W. Birch-Nord and the specifications 
of the American Railway Engineering Association. Both of these specifications are printed in 
the last part of this chapter. 


’ 


GENERAL SPECIFICATIONS FOR ELEVATED STEEL TANKS ON TOWERS, AND 
FOR STAND-PIPES.* 


Part I. DESIGN OF ELEVATED STEEL TANKS ON TOWERS. 


Definition.—1. An elevated tank is a vessel placed on a tower in order to furnish a certain 
required pressure head. The tank is filled through a riser or inlet pipe. 

_ 2. Elevated tanks are mostly used in connection with pumping stations, or are connected 
directly to Artesian wells, in order to store water under pressure. 

3. As practically all tanks are cylindrical, this specification will only have reference to those 
of that shape. 

Loads.—4. The dead load shall consist of the weight of the structural and ornamental steel- 
work, platforms, roof construction, piping, etc. 

5. The live load shall be the contents of the tank, the movable load on the platforms and 
roof, and the wind pressure. 

6. The live load on the platforms and roof shall be assumed at 30 lb. per sq. ft., or a 200-Ib. 
concentrated load applied at any point. 

7. The wind pressure shall be assumed at 30 lb. per sq. ft., acting in any direction. The 
surfaces of cylindrical tanks exposed to the wind shall be calculated at two-thirds of the diameter 
multiplied by the height. Similar assumptions may also be made for spherical and conical surfaces 
by using the correct heights. 

_ 8. The live load on platforms and roof shall not be considered as acting together with the 
wind pressure. ; 

Unit Stresses:—9. All parts of the structure shall be proportioned so that the sum of the dead 
and live loads shall not cause the stresses to exceed those given in Table I. 


TABLE I. 
Serstonpiiuca nia plales a wiel aes slvls cis a aie v0 cleicises oslo culesia 0 12,000 Ib. per sq. in. of net area. 
Mensioumm other part Of SILUCTULE. ...... 2.20. .esuesesnnsess 16,000 lb. per sq. in. of net area. 
COHEORERS ONG. 5 & codha 2 tech ice) Rea can a a 16,000 lb. per sq. in. reduced. 
SoA MOMS UOPILEVELS ATG: PINS A syescis Sols s ase sass Gases vere bis 12,000 lb. per sq. in. 
Shear on field rivets (tank rivets) and bolts................ 9,000 Ib. per sq. in. 
SIEDIF TM) DANES s 6 oS Lig aie bic Wee eke eS ee 10,000 lb. per sq. in. of gross area. 
Bearing pressure on shop rivets and pins................05: 24,000 lb. per sq. in. 
Bearing pressure on field rivets (tank rivets)...............- 18,000 Ib. per sq. in. 
LU NO.SIP GUSPANGT Tal OHS! ca WER Olea Dem RA ie en 24,000 lb. per sq. in. 


10. For compression members, the permissible unit stress of 16,000 lb. shall be reduced by the 


formula: 
p = 16,000 — 70]/r, 


where = permissible working stress in compression, in lb. per sq. in.: 
I = length of member, from center to center of connections, in inches; 
r = least radius of gyration of section, in inches. 
The ratio, //r, shall never exceed 120 for main members and 180 for struts and roof construc- 
tion members. 
11. Stresses due to wind may be neglected if they are less than 25 per cent of the combined 
dead and live loads. 
12. Unit stresses in bracing and other members taking wind stresses may be increased to 
20,000 Ib. per sq. in., except as shown in Section 11. 
13. The pressures given in Table II will be permissible on bearing plates. 


TABLE II. 
Ee elev orkawit MmeementiMOrtatiecs ss «oes cass sic ecle slacesans's die clele eels esies Sel 200 Ib. per sq. in. 
faired PGCE MIC IERCOMCECCE ERs c) petals aia.) aus is myetene si > Bie. so.daee0!e) bial la) pie xalele: 4,* ere 350 Ib. per sq. in. 
See USoE sa INO SLOLC Munem Prem ater ius ny scr eres 'o)0 ae) lol's’ close al'aveiwin 0) 9 wilenel evel sot lish rane 400 Ib. per sq. in. 
as ee AC SMC SONIC men aN a oles got NloraNe: oye orsbehe ple's! e sueehs 0: « egersicyeliendllal'ans} wie) alspe 500 Ib. per sq. in. 
SRS Glese Game, 2 ode So Oe Side clo con Iceni een emerson c carer 600 Ib. per sq. in. 


* Condensed from Specifications by C. W. Birch-Nord, Assoc. M. Am. Soc. C, E., Trans. 
Am. Soc. C. E., Vol. 64, pp. 548 to 563. The preliminary statement and the specifications for the 
foundations have been omitted. These specifications have been adopted by the American Bridge 


Company. aa 
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Details of Construction.—14. The plates forming the sides of cylindrical tanks shall be of 
different diameters, so that the courses shall lap over each other, inside and outside, alternately. 

15. The joints for the horizontal seams, and for the radial seams in spherical bottoms, shall 
preferably be lap joints. : 

16. For vertical seams double-riveted lap joints shall be used for 4, 25, and 3 in. plates. _ Triple 
lap joints shall be used for 7 and 3 in. plates; double-riveted butt joints shall be used foteqs, 35 
12 and 2 in. plates; and triple-riveted butt joints for 7%, 3, 7§ and 1 in. plates. 

17. Rivets § in. in diameter shall be used for } in. plates; rivets ¢ in. in diameter shall be 
used for 3; in. plates; rivets } in. in diameter shall be used for } to } in. plates, inclusive. Rivets 
I in. in diameter shall be used for 7@ in. and 1 in. plates. 

Rivets shall be spaced so as to make the most economical seams (70 to 75 per cent efficiency). 
A table of riveted joints is given in Table Ila. 

18. In no case shall the spacing between rivets along the caulked edges of plates be more 
than ten times the thickness of the plates. All rivets shall be entered from the inside of the 
tank, and shall be driven from the outside, that is, new heads on rivets shall always be formed from 
the opposite side of the plate on which the caulking is done. See ; 

19. Plates $ in. thick, and not more than in. thick, shall be sub-punched with a punch 7 in. 
smaller in diameter than the nominal size of the rivets, and shall be reamed to a finished diameter 
not more than 3 in. larger than the rivet. Plates thicker than % in. shall be drilled. 

20. The minimum thickness of the plates for the cylindrical part shall be 4 in. The thick- 
ness of the plates in spherical bottoms shall never be less than that of the lower course in the 
cylindrical part of the tank. 

21. The facilities at the plant where the material is to be fabricated will be investigated 
before the material is ordered. 

22. All plates shall be sheared or planed to a proper bevel along the edges for caulking. 

23. All plates shall be caulked along the beveled edges from the inside of the tank, and with a 
round-nosed tool. The use of foreign material for caulking, such as lead, copper, filings, cement, 
etc., will not be permitted. 

24. The plates in tanks for the storage of oil shall be beveled on both sides for outside and 
inside caulking. 

25. The radial sections of spherical bottoms shall be made in multiples of the number of 
pole supporting the tank, and shall be reinforced at the lower parts, where holes are made 
or piping. 

26. When the center of the spherical bottom is above the point of connection with the cylin- 
drical part of the tank, there shall be provided a girder at said point of connection to take the hori- 
zontal thrust. The horizontal girder may be made in connection with a balcony. This also 
applies where the tank is supported by inclined columns. 

27. The balcony around the tank shall be 3 ft. wide, and shall have a floor-plate + in. thick, 
ae ere ue punched for drainage. The balcony shall be provided with a suitable railing, 
3 ft. 6 in. high. 

28. The upper parts of spherical bottom plates shall always be connected on the inside of the 
cylindrical section of the tank. 

29. In order to avoid eccentric loading on the tower columns, and local stresses in spherical 
bottoms, the connections between the columns and the sides of the tank shall be made in such a 
manner that the center of gravity of the column section intersects the center of connection between 
the spherical bottom and the sides of the tank. Enough rivets shall be provided above this inter- 
section to transmit the total column load. 

30. If the tank is supported on columns riveted directly to the sides, additional material shall 
be provided in the tank plates riveted directly to the columns to take the shear. The shear may 
be taken by providing thicker tank plates, or by reinforcement plates at the column connections, 
while bending moments shall be taken by upper and lower flange angles. Connections to columns 
shall be made in such a manner that the efficiency of the tank plates shall not be less than that 
of the-vertical seams. 

31. For high towers, the columns shall have a batter of I to 12. The height of the tower 
shall be the distance from the top of the masonry to the connection of the spherical bottom, or 
the flat bottom, with the cylindrical part of the tank. 

32. Near the top of the tank there shall be provided one Z-bar to act as a support for the 
painter’s trolley, and for stiffening the tank. Its section modulus shall not be less than D2/250, 
where D is the diameter of the tank in feet. If the upper part of the tank is thoroughly held by 
the roof construction, this may be reduced. 

33- On large tanks, circular stiffening angles shall be provided in order to prevent the plates 
oe ues during wind storms, The distance between the angles shall be determined by the 
ormula: 


d = 900 A/D, 
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_where d = approximate distance between angles, in feet; 
t = thickness of tank plates, in inches; 
D = diameter of tank, in feet. 
- 34. The top of the tank will generally be covered with a conical roof of thin plates; and the 
pitch shall be 1 to 6. For tanks up to 22 ft. in diameter, the roof plates will be assumed to be 
self-supporting. If the diameter of the tank exceeds 22 ft., angle rafters shall be used to support 
the roof plates, which are generally } in. thick. 

Plates of the following thicknesses will be assumed to be self-supporting for various diameters: 

3z in. plate, up to a diameter of 18 ft. 

x in. plate, up to a diameter of 20 ft. 

zs in. plate, up to a diameter of 22 ft. 

Rivets in the roof plates shall be from 4 to #5 in. in diameter, and shall be driven cold. These 
rivets need not be headed with a button set. 

35. A trap-door, 2 ft. square, shall be provided in the roof plate. Near the top of the higher 
tanks, there shall be a platform with a railing, for the safety of the men operating the trap-door. 

36. There shall be an ornamental finial at the top of the roof. 

37. There shall be a ladder, 1 ft. 3 in. wide, extending from a point about 8 ft. above the 
foundation to the top of the tank, and also one on the inside of the tank. Each ladder shal’ be 
made of two 23 by 3 in. bars with ¢ in. round rungs I ft. apart. On large, high tanks, 30 fi. or 
more in diameter, a walk shall be provided from the column nearest the ladder to the expansion 
joint on the riser or inlet pipe. 

38. In designing a tank, a height of 6 in. sha!l be added to the required height of the tank 
if an overflow pipe is not specified by the owner. 

39. Each elevated tank shall be furnished with a riser or inlet pipe, the size of which shall be 
determined by the rate at which the tank must be filled. The size of the riser pipe will be speci- 
fied by the owner. The outlet pipe, in most cases, is not required, as the riser or inlet pipe will 
serve the same purpose, but it shall be furnished if demanded by the owner. ; 

40. All pipes entering the tank shall have cast-iron expansion joints with rubber packing, and 
facilities for tightening such joints. The expansion joint, generally, shall be fastened to the 
bottom of the tank with bolts having lead washers. The tank plates shall be reinforced where the 
pipes enter the tank. 

, 41. All pipes entering the tank shall be thoroughly braced laterally with adjustable diagonal 
bracing at the panel points of the tower. 

42. The diagonal bracing in the tower shall preferably be adjustable, and shall be calculated 
for an initial stress of 3,000 lb. in addition to wind stresses, etc. 

43. The size and number of the anchor-bolts in the tower shall be determined by the maxi- 
mum uplift when the tank is empty. The anchor-bolts in the tower, where the maximum uplift 
is greater than 10,000 lb., shall be fastened directly to the columns with bent plates or similar 
details. In all other cases it will be sufficient to connect the anchor-bolts directly to the base- 

lates. 
: The tension in anchor-bolts shall not exceed 15,000 Ib. per sq. in. of net area. The minimum 
section shall be limited to a diameter of 13 in. The details shall be made so that the anchor- 
bolts will develop their full strength, and, at the lower end, they shall be furnished with an anchor- 
plate, not less than 3 in. thick, to assure good anchorage to the foundation without depending on 
the adhesion between the concrete and the steel. 

44. The concrete foundation shall be assumed to have a weight of 140 lb. per cu. ft., and 
shall be sufficient in quantity to take the uplift, with a factor of safety of 14. 

45. Three-ply frost-proof casing shall be provided, if necessary, around the pipes leading to 
and from the tank. This casing shall be composed of two layers of $ by 23 in. dressed lumber, 
and each layer shall be covered with tar paper or tarred felt, and one outside layer of % by 23 in. 
dressed and matched flooring. The lumber shall be in lengths of about 12 ft. There shall be a 
I in. air space between the layers of lumber, and wooden rings or separators shall be nailed to 
them every 3 ft. (In very cold climates it is good practice to fill the space between the pipes and 
the first layer of lumber with hay or similar material.) The frost casing may be square or cylin- 
drical; it shall be braced to the tower with adjustable diagonal bracing, as described for pipes in 
Section 41. 

46. “Ail detailed drawings shall be subject to the owner’s approval before work is commenced. 

47.. For materials, workmanship, inspection, painting, and testing, see Part III; for founda- 
tions, see Part IV. 


Part II. DersiGn oF STAND-PIPEs. 


Definition.—1. A stand-pipe is a tank, generally cylindrical, used for the storage of water, 
oil, etc. Its height, in most cases, is considerably greater than its diameter; it has a flat bottom, 


and rests directly on its foundation. 


. 
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2. Stand-pipes are economical only in special cases: where their capacity is more important 
than pressure, or where local conditions are such that an elevated tank is not required. 

3. Stand-pipes for the storage of oil are an exception. These are generally of very larg 
diameter, while the height may not exceed 40 ft.; they are usually referred to as tanks. : 

4. Stand-pipes are filled and emptied through pipes connected with their sides or bottom, 
and are provided with manholes for cleaning purposes. 

5. In cold climates roofs are generally omitted on stand-pipes used for water supply, on 
account of the formation of ice. In warmer climates there may be roofs in order to prevent the 
water from becoming a breeding place for mosquitos, flies, etc. Stand-pipes used for the storage 
of oil or other fluids from which rain-water is to be excluded should always be roofed. 

Loads.—6. The dead load shall consist of the weight of structural and ornamental steel work, 
and the roof construction, if any. 

7. The live load shall be the contents of the stand-pipe, the movable load on the eventual 
roof, and the wind pressure. : 

8. The eventual live load on the roof shall be assumed at 30 lb. per sq. ft., or a 200 lb. con- 
centrated load applied at any point. 

9. The wind pressure shall be assumed at 30 Ib. per sq. ft. acting in any direction. The 
surfaces of cylindrical stand-pipes exposed to the wind shall be calculated at two-thirds of the 
diameter multiplied by the height. ss 

10. The eventual live load on the roof, if the stand-pipe is roofed, shall not be considered as 
acting together with the wind pressure. 

: Stresses.—11. All parts of the structure shall be porportioned so that the sum of the dead 
and live load stresses shall not exceed the stresses given in Table III. 


TABLE III. 
Tension in plates forming sides or bottom of stand-pipes...... 12,000 lb. per sq. in. of net area. 
SRENSIO Mel MshO OLE ORSELUCTION te..are1 cna os ors, toi «ose jorelotol ve, oleahietore 16,000 Ib. per sq. in. of net area. 
Compressionin:rooliconstruction....Jeoa..e «i> slowin «oie nue « ocvapeie 16,000 lb. per sq. in. reduced. 
Sheaonssopativeteutl TOO, ClC ior wis. re 5 os, oceleteole areas sutte alates 12,000 Ib. per sq. in. 
Shear on field rivets (in stand-pipe plates) and bolts.......... 9,000 lb. per sq. in. 
SeacatnplAvesee ssemscee nas ated Seeten ie cpoueiaio ate «ole iene Wubats sveveae Suey asl 10,000 lb. per sq. in. 
Bearino pressure OM ShOPMIVEtS.. \ . vieb.2 bs. v:-jon cate eee eo ple ayentas 24,000 lb. per sq. in. 
Bearing pressure on field rivets (in stand-pipe plates)......... 18,000 lb. per sq. in. 


12. For compression members in the roof construction, the permissible unit stress of 16,000 
lb. shall be reduced by the formula: 


p = 16,000 — 70 1/r, 


where = permissible working stress in compression, in lb. per sq. in.; 
1 = length of member, from center to center of connections, in inches; 
ry = least radius of-gyration of section, in inches. The ratio, //r, shall never exceed 180. 

13. Stresses due to wind may be neglected if they are less than 25 per cent of the combined 
dead and live loads. 

14. The average permissible pressures on masonry shall be as given in Table II, Part I. 

Details of Construction.—15. The plates forming the sides of the stand-pipe shall be of 
different diameters, so that the courses shall lap over each other, inside and outside, alternately. 

16. The joints for the horizontal seams in the sides, and for the bottom plates, shall pre- 
ferably be lap joints. 

E 17. For further information regarding riveted joints, etc., see Part I, Sections 16, 17, 18, 
and 19. 

18. The minimum thickness of the plates forming the sides shall be } in. and 3& in. for the 
bottom plates, except for oil tanks on a sand foundation. The bottom plates for ordinary stand- 
pipes shall be provided with tapped holes, 14 in. in diameter, with screw plugs, spaced at about 
4 ft. centers, to permit of filling with cement grout on top of the foundation of the masonry while 
the bottom part is being erected, in order to secure proper bearing. 

19. Oil tanks of large diameter are generally set directly on a sand foundation, and do not 
need. any holes in the bottom plates for filling beneath with cement grout. In such cases, + in. 
bottom plates will be sufficient. 

20. The bottom plates shall be connected with the sides by an angle iron riveted inside the 
stand-pipe. This angle iron shall be bevel sheared for caulking along both legs. For the caulking 
of plates, see Part I, Sections 22 and 23. 

21. On the side and near the bottom there shall-be a 12 by 18 in. manhole of elliptical shape. 
In the same manner, or on the bottom plates, flanges shall be provided for the connection of 
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inlet and outlet pipes of the sizes specified by the owner. All openings in stand-pipes shall be 
properly reinforced by forged rings or plates. 

22. For stiffening angles, etc., see Part I, Sections 32 and 33. 

23. In cases where a roof is used see Section 5; Sections 34, 35, and 36 of Part I should also 
be followed. 

24. There shall be an outside ladder, 1 ft. 3 in. wide, extending from a point about 8 ft. above 
the foundation to the top of the stand-pipe. The ladder shall be made of two 24 by 2 in. bars with 
¢ in. round rungs 1 ft. apart. An inside ladder will not be required. (In no case should inside 
ladders be provided on stand-pipes in climates where ice will form. Owners of oil tanks often 
specify stairways to take the place of ladders.) All ladders shall be able to sustain a concentrated 
load of at least 800 lb. 

25. Large stand-pipes for oil storage, the heights of which are very small compared with 
their diameter, will generally be set directly on a sand foundation, and will not need any anchorage 
whatever, as the overturning moment is very small in comparison with the resisting moment. 

26. Stand-pipes of the ordinary type, for water storage, shall be set on concrete foundations, 
and shall be anchored thoroughly thereto with anchor-bolts not less than 14 in. in diameter, 
set deep enough to take the necessary uplift, and provided with an anchor plate not less than 3 in. 
thick in the masonry. All anchor bolts shall be connected directly to the sides of the stand-pipe 
with bent plates or similar details. The unit stress in anchor-bolts shall not exceed 15,000 lb. 
per sq. in. of net area. See Part I, Section 43. 

27. All detailed drawings shall be subject to the owner’s approval before work is commenced. 

28. For materials, workmanship, inspection, painting, and testing, see Part III; for founda- 
tions, see Part IV. 


Part III. MAtTeErtALs, WORKMANSHIP, INSPECTION, PAINTING, AND TESTING. 


Structural Steel—1. The steel shall be made by the open-hearth process. 
2. The chemical and physical properties shall conform to the following limits: 


Elements considered. Structural Steel. Rivet Steel. 


: etka he OSA eee. 0.04 per cent 0.04 per cent 
Phosphorus, maximum { : pay ape or ba 


66 ce 


Sulphur, maximum : 0.04, 


Desired 
Ultimate tensile strength, in pounds per square inch 50,000 
1,500,000 
Ultimate tensile Ultimate tensile 
strength strength 


Elongation: minimum percentage in 8 in. Fig. 1 


Elongation: minimum percentage in 2 in. Fig. 2 


Character of fracture il Silky 
180° flat 


The yield point, as indicated by the drop of beam, shall be recorded in the test reports. 

3. If the ultimate strength varies more than 4,000 Ib. from that desired, a re-test shall be 
made on the same gage, which to be acceptable, shall be within 5,000 lb. of the desired ultimate. 

4. Chemical determination of the percentages of carbon, phosphorus, sulphur, and manganese 
shall be made by the manufacturer from a test ingot taken at the time of the pouring of each 
melt of steel, and a correct copy of such analysis shall be furnished to the engineer or his inspector. 
Check analyses shall be made from finished material, if called for by the purchaser, in which case 
an excess of 25 per cent above the required limits will be allowed. 

5. Specimens for tensile and bending tests, fot plates, shapes, and bars, shall be made by 
cutting coupons from the finished product, which shall have both faces rolled and both edges 
milled to the form shown by Fig. 1; or with edges parallel; or they may be turned to a diameter 
of # in. for a length of at least 9 in. with enlarged ends. 

6. Rivet rods shall be tested as rolled. F 

7, Specimens shall be cut from the finished rolled or forged bar, in such manner that the 
center of the specimen shall be 1 in. from the surface of the bar. The specimen for the tensile 
test shall be turned to the form shown by Fig. 2. The specimen for the bending test shall be 1 in. 
by 3 in. in section. . 

8. Material which is to be used without annealing or further treatment shall be tested in the 
condition in which it comes from the rolls. When material is to be annealed, or otherwise treated 


‘ 
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before use, the specimens for tensile test representing such material shall be cut from properly 
annealed or similarly treated short lengths of the full section of the bar. 

g. At least one tensile and one bending test shall be made from each melt of steel as rolled. 
In case steel differing 2 in. and more in thickness is rolled from one melt a test shall be made 
from the thickest and thinnest material rolled. 
P 
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10. For material less than 35 in. and more than 3 in. in thickness, the following modifications 
will be allowed in the requirements for elongation: 

. (a) For each ; in. in thickness below 3 in., a deduction of 2 from the specified percentage 
will be allowed. 

(b) For each # in. in thickness above 2 in., a deduction of 1 from the specified percentage 
will be allowed. 

- 11. Bending tests may be made by pressure or by blows. Plates, shapes, and bars less 
than I in. thick shall bend as called for in Section 2. 

12. Angles 2 in. and less in thickness shall open flat, and angles 3 in. and less in thickness 
shall bend shut, cold, under blows of a hammer, without sign of fracture. This test will be made 
only when required by the inspector. 

13. Rivet steel, when nicked and bent around a bar of the same diameter as the rivet rod, 
shall give a gradual break and a fine, silky, uniform fracture. 

14. Finished material shall be free from injurious seams, flaws, cracks, defective edges, or 
other defects, and have a smooth, uniform, workmanlike finish. Plates 36 in. in width and less 
shall have rolled edges. 

15. Every finished piece of steel shall have the melt number and the name of the’manufacturer 
stamped or rolled upon it. Steel for pins shall be stamped on the end. Rivet and lattice steel 
and other small parts may be bundled, with the above marks on an attached metal tag. 

16. Material which, subsequent to the foregoing tests at the mills, and its acceptance there, 
develops weak spots, brittleness, cracks, or other imperfections, or is found to have injurious 
defects, will be rejected at the shop, and shall be replaced by the manufacturer at his own cost. 

17. A variation in cross-section or weight of each piece of steel of more than 2} per cent from 
that specified will be sufficient cause for rejection, except in cases of sheared plates, which will be 
covered by the following permissible variations, which are to apply to single plates: 

Plates weighing 12} lb. per sq. ft. or more: 

(a) Up to 100 in. wide, 2} per cent above or below the prescribed weight; 

(b) 100 in. wide or more, 5 per cent above or below. 

Plates weighing less than 124 lb. per sq. ft.: 

(a) Up to 75 in. wide, 24 per cent above or below; 

(b) 75 in., and up to 100 in. wide, 5 per cent above or 3 per cent below; 

(c) 100 in. wide or more, 10 per cent above or 3 per cent below. 

18. Plates will be accepted if their thickness is not more than 0.01 in. less than that ordered. 

19. An excess over the nominal weight, corresponding to the dimensions on the order, will 
be allowed for each plate, if not more than that shown in Table IV, 1 cu. in. of rolled steel being 
assumed to weigh 0.2833 lb. : 

Cast Iron.—2o. Except where chilled iron is specified, castings shall be made of tough, gray 
iron, with not more than 0.10 per cent of sulphur. They shall be true to patterns, out of wind, 
and free from flaws and excessive shrinkage. If tests are demanded, they shall be made on the 
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TABLE IV. 


Thickness, in Nominal Weight in Width of Plates. 
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“ Arbitration Bar” of the American Society for Testing Materials, which is round bar, 14 in. in 
diameter and 15 in. long. The transverse test shall be made on a supported length of 12 in. with 
the load at the middle. The minimum breaking load thus applied shall be 2,900 lb., with a 
deflection of at least 75 in. before rupture. 

Workmanship, Inspection, and Painting.—21. All parts forming the structure shall be built 
in accordance with approved drawings. The workmanship and finish shall be equal to the best 
in modern shop practice. 

22. All material shall be thoroughly straightened in the shop, by methods which will not 
injure it, before being laid off or worked in any way. 

23. The shearing shall be done neatly and accurately, and all portions of the work exposed 
to view shall have a neat and uniform appearance. 

24. The size of each rivet, called for by the plans, shall be understood to mean the actual 
size of the cold rivet before it is heated. 

25. All plates and shapes shall be shaped to the proper curve by cold rolling; heating or 
hammering for straightening or curving will not be allowed. 

26. Plates to be scarfed may be heated to a cherry-red color, but not hot enough to ignite a 
piece of dry wood when applied to it. Most careful attention shall be paid to all scarfing. 

27. All plates or shapes shall be punched before being bevel-sheared or planed for caulking. 

28. All screw threads shall make tight fits in the nuts and turnbuckles, and shall be United 
States Standard, except for diameters greater than 12 in., when they shall have six threads per 
inch. The dimensions of screws of various sizes shall be as follows: 

POE CetmO SCLEW: CUS s icc tcc ode ccs cewes cc eres od ois lin. 1din. rItin. 12 and greater 
iiiamemObeNreaAdS PCr iNCh sees elke cede ee ees cee nesses 8 7 
The minimum excess at the root of the thread over the body of the bar shall be 15 per cent. 
The shape of the thread shall be U. S. Standard. 


TABLE V. 
STANDARD UPSETS FOR ROUND AND SQUARE BARS. 


Round Bars. Square Bars. 


Bar. Upset. Bar. Upset. 


Diameter, in Inches. Diameter, in Inches. Side, in Inches. Diameter, in Inches. 


b2|4.00|9 Go| 

= = 

Oo |tat jaca 
es in ee 
O|Or bo | Het Colt 


Ol aaalco 
en i | 


= = 
o[aai|o9 colon 
Ola 


4 
ze 
Ig 


oH He 
Be Re 
@nlebs|iatcoleo plot 
RYH eS 
leo 


[SS | 

zo 
dvbd bd 
20/60 att bolt 
bee 

Olae|oo 
bb bd 
o[az loo bo|et 


386 STEEL STAND-PIPES AND ELEVATED TANKS ON TOWERS. Cauap. XI. 


29. The diameter of the die used in punching rivet holes shall not exceed that of the punch 
by more than 7 in. All rivet holes shall be punched, except as stated in Part I, Section 19. 

30. All punched and reamed bolts shall be clean cuts, without torn or ragged edges. The 
burrs on all reamed holes shall be removed by a tool, countersinking not more than #g in. Any 
_ parts of the structure in which difficulties may arise in field riveting, shall be assembled in the 
shop and marked properly before shipment. 

31. Rivet holes shall be accurately spaced; eccentrically located rivet holes, if not sufficient 

‘to cause rejection shall be corrected by reaming, and rivets of larger size shall be used in the 
holes thus reamed. 

32. The use of drift-pins will be allowed only for bringing together several parts forming 
part of the structure; force will not be allowed to be used in drifting under any circumstances. 

33. The use of sledges in driving or hammering any part of the structure will not be allowed. 
Care shall be taken to prevent material from falling, or from being in any way subjected to heavy 
shocks. 

34. Rivets shall be driven by pressure tools wherever possible. Pneumatic hammers shall 
be used in preference to hand-driving. All rivet heads shall be concentric with the holes. 

35. All caulking shall be done with a round-nosed tool, and only by experienced and skilled 
men. Caulking around rivet heads will not be allowed. All leaky rivets shall be cut out and 
replaced with new ones. All fractured material shall be replaced free of cost to the owner. 

36. If the owner furnishes an inspector, he shall have full access, at all times to all parts of 
the shop where material under his inspection is being manufactured. 

37. The inspector shall stamp with a private mark each piece accepted. Any piece not thus 
marked may be rejected at any time, and at any stage of the work. If the inspector, through 
oversight or otherwise, has accepted material or work which is defective or contrary to these 
specifications, this material, no matter in what stage of completion, may be rejected by the owner. 

Painting and Testing.—38. Before leaving the shop, all steel work excepting the laps in 
contact on the tank work, shall receive one coat of approved paint or boiled linseed oil. All 
parts which will be inaccessible after erection shall be well painted, except as stated before. 

39. After the structure is erected and all seams have been caulked, it shall be tested for 
water-tightness, and leaky places shall be caulked or marked. The water shall then be dis- 
charged and the leaky seams shall be caulked. Leaky rivets shall be treated as per Section 35. 
After the structure has been standing empty for 3 days it shall be retested, and then, if all joints 
are water-tight, it shall be given one coat of approved paint both inside and outside of the tank or 
stand-pipe. Painting in the open air shall never be done in wet or freezing weather. The owner 
will select the color of the final coat of paint. 

40. The contractor shall guarantee the tightness of the tank, or stand-pipe, against leakage, 
when filled with the liquid it is designed to contain. 


Part IV. FOouNDATIONS FOR ELEVATED TANKS ON TOWERS, AND FOR STAND-PIPES. 


1. The average permissible pressure on the soil is as follows: 


SOltC A VawriG each WAGs cin oon aosefe oO ASI oti em oe eee I ton per sq. ft. 
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Grave llandicoarse Sand gases cv esicheickoueretoutveYoesvageuecskoysu sees Woh peeee rn 6 tons per sq. ft. 


2. In all cases a thorough investigation of the ground and the site shall be made before 
proceeding with the foundations. 

3. All foundations shall be carried below the frost line, and the anchor-bolts shall be placed 
deep enough to develop their full strength. 

4. In foundations for towers with inclined legs supporting elevated tanks care shall be taken 
that the piers are constructed in such a manner, that the resultant of the vertical and horizontal 
forces, due to direct loads, passes through the center of gravity of the piers. 

5. Foundations, in general, shall be of concrete composed of 1 part Portland cement, 3 parts 
sand, and 5 parts crushed stone or gravel. In special cases, where part of the foundation is 
under water, the concrete shall be a I : 2 : 4 mixture. 

eee specifications for mixing and placing the concrete in the foundations, see Chap- 
ter V. 3 
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GENERAL SPECIFICATIONS FOR STEEL WATER AND OIL TANKS.* 


1. Scope of Specifications.—These specifications are intended for steel tanks requiring plates 
not more than 3 in. thick. 

2. Quality of Metal.—The metal in these tanks shall be open-hearth steel. The steel shall 
ee in physical and chemical properties to the specifications: of this Association for steel 

ridges. 

3- Loading.—The weight of water shall be assumed to be 63 Ib., crude oil 56 lb., and creosote 
oil 66 Ib. per cu. ft. Wind pressure, acting in any direction, shall be assumed to be, in pounds, 
30 times the product of the height by two-thirds of the diameter of the tank in feet. 

. Unit Stresses.—Unit stresses shall not exceed the following: 

ta) Tension in plates, 15,000 lb. per sq. in. on net section. 

(6) Shear in plates, 12,000 lb. per sq. in. on net section. 

(c) Shear on rivets, 12,000 lb. per sq. in. on net section. 

(d) Bearing pressure on field rivets, 20,000 Ib. per sq. in. 

5. Cylindrical Rings.—Plates forming the shell of the tank shall be cylindrical and oi different 
diameters, in and out, from course to course. 

6. Workmanship.—All workmanship shall be first-class. All plates shall be beveled on all 
edges for caulking after being punched. The punching shall be from the surface to be in contact. 
The plates shall be formed cold to exact form after punching and beveling. All rivet holes shall 
be accurately spaced. Drift pins shall be used only for bringing the parts together. They shall 
not be driven with enough force to deform the metal about the holes. Power riveting and caulking 
should be used. A heavy yoke or pneumatic bucker shall be used for power driven rivets. Rivet- 
ing shall draw the joints to full and tight bearing. 

7. Caulking.—The tank shall be made water or oil tight by caulking only. No foreign 
substance shall be used in the joints. For water tanks, the caulking shall preferably be done 
on the inside of tank and joint only; but for oil tanks the caulking should be done on both sides. 
No form of caulking tool:or work that injures the abutting plate shall be used. 

8. Minimum Thickness of Plates——The minimum thickness of plates in the cylindrical 
part of the tank shall not be less than } in. and in flat bottoms not less than 7 in. In curved 
bottoms the thickness of plate shall be not less than that of the lower plate in the cylindrical part. 

g. Horizontal and Radial Joints.—Lap joints shall generally be used for horizontal seams 
and splices and for radial seams in curved bottoms. 

Io. Vertical Joints.—For vertical seams and splices, lap joints shall be used with plates not 
more than ? in. thick. With thicker plates, double butt joints with inside and outside straps 
shall generally be used. The edge of the plate in contact at the intersection of horizontal and 
vertical lap joints shall be drawn out to a uniform taper and thin edge. 

11. Rivets, Rivet Holes, Punching and Pitch.—For plates not more than ? in. thick, 3 in. 
rivets shall be used. For thicker plates, ? in. rivets shall be used. The diameter of rivet holes 
shall be #; in. larger than the diameter of the rivets used. The punching shall conform to the 
specifications of this Association for such work on steel bridges. A close pitch, with due regard 
for thickness of plate and balanced stress between tension on plates and shear on rivets, is desirable 
for caulking. 

12. Tank Support.—lIf the tank is supported on a steel substructure, the latter shall con- 
form to the specifications of this Association for the manufacture and erection of steel bridges, 
except that allowance shall be made for wind pressure, but not for impact. 

13. Painting.—In the shop the metal shall be cleaned of dirt, rust and scale and, except the 
surfaces to be in contact in the joints of the tank, shall be given a shop coat of paint or metal 
preservative selected and applied as specified by the company. 

After being completely erected, caulked and cleaned of dirt, rust and scale, all exposed metal 
work shall be painted or treated with such coat or coats of paint or metal preservative as shall 
be selected by the railway company. . ; 

14. Plans and Specifications.—Under these specifications and in conformity thereto the 
railway company shall cause to be prepared or shall approve detailed plans and specifications for 
such tanks, herein specified, as it shall construct. Such plans and specifications shall cover all 
necessary tank auxiliaries. eg 

REFERENCES. Hazlehurst’s ‘‘ Towers and Tanks for Waterworks,” second edition, 1904, 
published by John Wiley & Sons, covers the design and construction of steel stand-pipes and steel 
elevated tanks on steel towers, and supplements the data and discussion in this chapter. Con- 
siderable data on the design and construction of stand-pipes and elevated tanks on towers for 
railway service are given in the annual reports of the proceedings of the American Railway En- 
gineering Association, particular reference is made to volume 11, part 2; volume 12, part 3, and 
volume 13. 


* Adopted, Am. Ry. Eng. Assoc., Vol. 13, 1912. 


CHAPTER XII. 


STRUCTURAL DRAFTING. 


PLANS FOR STRUCTURES. 


Introduction.—The plans for a structure must contain all the information necessary for the 
design of the structure, for ordering the material, for fabricating the structure in the shop, for 
erecting the structure, and for making a complete estimate of the material used in the structure. 
Every complete set of plans for a structure must contain the following information, in so far as 
the different items apply to the parcicular structure. 

In writing this chapter the instructions of many. bridge companies have been consulted; 
special credit being due the instructions prepared by the American Bridge Company, the Penn- 
sylvania Steel Company, and the McClintic-Marshall Construction Company. 

1. General Plan.—This will include a profile of the ground; location of the structure; ele- 
vations of ruling points in the structure; clearances; grades; (for a bridge) direction of flow, high 
water, and low water; and all other data necessary for designing the substructure and super- 
structure.- > aa 

2. Stress Diagram.—This will give the main dimensions of the structure, the loading, stresses 
in all members for the dead loads, live loads, wind loads, etc., itemized separately; the total 
maxinium stresses and minimum stresses; sizes of members; typical sections of all built members 
showing arrangement of material, and all information necessary for the detailing of the various 
parts of the structure. 

3. Shop Drawings.—Shop detail drawings should be made for all steel and iron work and 
detail drawings of all timber, masonry and concrete work. 

4. Foundation or Masonry Plan.—The foundation or masonry Pian should contain detail 
drawings of all foundations, walls, piers, etc., that support the structure. The plans should 
show the loads on the foundations; the depths of footings; the spacing of piles where used; the 
proportions for the concrete; the quality of masonry and mortar; the allowable bearing on the 
soil; and all data necessary for accurately locating and constructing the foundations. 

5. Erection Diagram.—The erection diagram should show the relative location of every part 
of the structure; shipping marks for the various members; all main dimensions; number of pieces 
in a member; packing of pins; size and grip of pins, and any special feature or information that 
may assist the erector in the field. The approximate weight of heavy pieces will materially assist 
the erector in designing his falsework and derricks. 

6. Falsework Plans.—For ordinary structures it is not common to prepare falsework plans 
in the office, this important detail being left to the erector in the field. For difficult or important 
work erection plans should be worked out in the office, and should show in detail all members and 
connections of the falsework, and also give instructions for the successive steps in carrying out 
the work. Falsework plans are especially important for concrete and masonry arches and other 
concrete structures, and for forms for all walls, piers, etc. Detail plans of travelers, derricks, 
etc., should also be furnished the erector. 

7. Bills of Material.—Complete bills of material showing the different parts of the structure 
with its mark, and the shipping weight should be prepared. This is necessary in checking up 
the material to see that it has all been shipped or received, and to check the shipping weight. 

8. Rivet List.—The rivet list should show the dimensions and number of all field rivets, 
field bolts, spikes, etc., used in the erection of the structure. 

g. List of Drawings.—A list should be made showing the contents of all drawings belonging 


to the structure. 
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STRUCTURAL DRAWINGS. 


METHODS.—The drawings for structural steel work differ from the drawings for machinery 
in that (a) two scales are used, one for the length of the member or the skeleton of the structure, 
and one for the details; (b) members are commonly shown by one projection; and (c) the drawings 
are not to exact scale, all distances being governed by figures. 

Two methods are used in making shop drawings. 
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Fic. 1. Truss Joint, COMPLETELY DETAILED. 


(1) The first method is to make the drawings so complete that the templets can be made 
for each individual piece on the bench. This method is used for all large trusses and members, 
and where there is not room to lay the member out on the templet shop floor. The details for the 
joint of a Fink roof truss completely detailed are shown in Fig. 1. A joint of a roof truss of the 
locomotive shop of the A. T. & S. F. Ry., at Topeka, Kansas, is completely detailed in Fig, 2. 

(2) The second method is to give on the drawings only sufficient dimensions to locate the 
position of each member, the number of rivets, and the sizes of members, leaving the details to 
be worked out by the templet maker on the laying-out floor. Sufficient data should be given 
to definitely locate the main laying-out points. The interior pieces should be located by center 
lines corresponding to the gage lines of the angles, or center line of the piece, as the case may be. 
The rivet spacing should be given complete for members detailed on different sheets, or where 
it is necessary to obtain a required clearance, and other places where it will materially assist the 
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templet maker. The drawings should indicate the number and arrangement of the rivets in each 
connection, as well as the maximum, the usual and the minimum rivet pitch allowed. Sketch 
details of the joint which was completely detailed in Fig. 1 are shown in F ig. 3, and the outline 
details of a roof truss by the second method are shown in Fig. 4. 


Fic. 2. Joint or Roor Truss COMPLETELY DETAILED. 
(Section of Shop Details of Roof Truss.) 


Members may be detailed in the position which they are to occupy, or they may be detailed 
separately. For riveted trusses and riveted members the entire truss or member should be 
detailed in position. The detail shop plans for a riveted brace are shown in Fig. 5. The field 
tivets are shown by black and the shop rivets by open circles. The center lines are indicated by 
dotted lines. Light full black lines are commonly used for dimension lines, while red dimension 
lines are sometimes used but do not make as good blue prints as black lines. 

RULES FOR SHOP DRAWINGS.—The following rules are essentially those in use by 
the best bridge and structural shops. 

Size of Sheet.—The standard size of sheet shall be 24 X 36 in. with two border lines } and 1 in. 
from the edge respectively, see Fig. 6. Sheets 18 X 24 in. with two border lines 3 and 1_in. 
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from the edge respectively, may also be used. For beam sheets, bills of material, etc., use letter 
size sheets 8} X II in. : 

Title.—The title shall be arranged uniformly for each contract and shall be placed in the 
lower right hand corner. The title shall contain the name of the job, the description of the 
details on the sheet, the number of the sheet, spaces for approval and other information as shown 
in Fig. 6. 

Scale.—The scale of the lengths of the members or skeleton of the structure shall be 4, or 3, 
or 3 in. to 1 ft., depending upon the available space and the complexity of the member or structure. 
Shop details shall as a rule be made 2 or 1 in. to1 ft. For small details 13 and 3 in. to 1 ft. may 
be used; while for large plate girders } or § in. to 1 ft. may be used. : 

Views Shown.—Drawings shall be neatly and carefully made to scale. Members shall be 
detailed in the position which they will occupy in the structure; horizontal members being shown 
lengthwise, and vertical members crosswise on the sheet. Inclined members (and vertical members 
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Fic. 3. Truss Joint, SKETCH DETAILED. 


when necessary on account of space) may be shown lengthwise on the sheet, but then only with 
the lower end on the left. Avoid notes as far as possible; where there is the least chance for 
ambiguity, make another view. 

In truss and girder spans, draw the inside view of the far truss, left hand end, Fig. 7. The 
piece thus shown will be the right hand, and need not be marked right. In cases where it is 
necessary to show the left hand of a piece, mark ‘‘left-hand shown” alongside the shipping mark. 

Show all elevations, sections and views in their proper position, looking toward the member. 
Place the top view directly above, and the bottom view directly below the elevation. The bottom 
view should always consist of a horizontal section as seen from above. 

In sectional views, the web (or gusset plate) shall always be blackened; angles, fillers, etc., 
may be blackened or cross-hatched, but only when necessary on account of clearness. Ina plate 


. 
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In detailing 


Rivet heads shall be shown only where necessary; for example, 


around field connections, when countersunk, flattened, etc. 


RULES FOR SHOP DRAWINGS. 
Holes for field connections shall always be blackened, and shall, as a rule, be shown in all 
members which adjoin or connect to others in the structure, part of the latter shall be shown in 


elevations and sectional views. 


girder, for example, it is not necessary to blacken or cross-hatch all the fillers and stiffeners in the 
at the ends of members, 


bottom view. 
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Fic. 5. SHop DETAILS OF BRACE. 
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Fic. 6. STANDARD SHEET AND TITLE FOR STRUCTURAL DRAWINGS. 
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dotted lines, or in red, sufficiently to indicate the clearance required or the nature of the connection. 
Plain building work is exempted from this rule. 

A diagram to a small scale, showing the relative position of the member in the structure, 
shall appear on every sheet, Fig. 8 and Fig. 9. The members detailed on the sheet shall be shown 
by heavy black lines, the remainder of the structure in light black lines. Plain building work is 
exempt from this rule. ; 
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When part of one member is detailed the same as another member, figures for rivet spacing 
need not be repeated; refer to previous sheet or sheets, bearing in mind that these must contain 
final information. It 7is not permissible to refer to a sheet, which in turn refers to another sheet. The 
section, finished length, and the assembling mark for each member shall be shown on every sheet. 
Main dimensions which are necessary for checking, such as c. to c. distances, story heights, etc., 
shall be repeated from sheet to sheet. Holes for field connections must always be located inde- 
pendently, even if figured in connection with shop rivets; they shall be repeated from sheet to 
sheet unless they are standard, in which case they shall be identified by a mark and the sheet 
given on which they are detailed. 

The quality of material, workmanship, size of rivets, etc., shall be specified on every sheet as 
far as it refers to the sheet itself. Standard workmanship need not be specified on each sheet. 

Lettering.—Engineering News lettering as developed by Reinhardt in his book on freehand 
lettering shall be used on all drawings. Preferably main titles and sub-titles shall be vertical 
and the remainder of the lettering inclined. The height of letters shall be as follows: Main titles— 
capitals 15/50 in., small capitals 12/50 in.; sub-titles—capitals, full height lower case letters and 
numerals 5/20 in., lower case letters 3/20 in.; other lettering—capitals, full height lower case letters 
and numerals 5/30 in., lower case letters 3/30 in. Where the drawing is crowded the body of the 
lettering may be 5/40 in. and 3/40 in. respectively. The following pens are recommended: For 
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titles Leonardt & Co.’s Ball-Pointed No. 516F; for all other lettering Hunt Pen Co.’s extra fine Shot 
Point, No. 512. No pen finer than Gillott’s No. 303 should be used. Light pencil guide lines 
shall be drawn for all lettering. All tracings shall be made on the dull side of the tracing cloth. 
Erasures shall be made with soft rubber pencil eraser and a metal shield. Rubber erasers con- 
taining sand destroy the surface of the cloth and make it difficult to ink over the erased spot. 
The use of knives or steel erasers will not be permitted. Tracings shall be cleaned with a very 
soft rubber eraser, and not with gasolene or benzine, which destroy the finish of the tracing cloth. 
All lines shall preferably be made with black India ink; full lines to represent members, dash and 

_ dot to represent center lines, and dotted lines (or full light black lines) to represent dimension 
lines. If permitted by the chief draftsman red ink may be used for dimension and center lines. 
The ends of dimension lines shall, however, always be indicated by arrows made with black 
ink. 

Conventional Signs.—Conventional signs for rivets are shown in Fig. 10. Countersunk 
rivets project 3 in.; if less height of rivets is required, drawings shall specify that they are to be 
chipped, or the maximum projection may be specified. Flattened heads project 3 in. to 7% in; 
if less height of heads is required, they shall be countersunk. Metals in section shall be shown 
as in Fig. 11. Standards for rivets and riveting are given in Part II, which see. 

Marking System.—A shipping mark shall be given to each member in the structure, and no 
dissimilar pieces shall have the same mark. The marks shall consist of capital letters and num- 
erals, or numerals only; no small letters shall be used except when sub-marking becomes absolutely 
necessary. The letters R and L shall be used only to designate “right”’ and “‘left.’’ Never use 
the work ‘‘marked” in abbreviated form in front of the letter, for example say, 3 Floorbeams G4, 
and not, 3 Floorbeams, Mk. G4. Whenever a structure is divided up into different contracts care 
should be taken not to duplicate shipping marks. Pieces which are to be shipped bolted on a 


ot ie 


Steel Steel Cast lron Cast Steel Bronze 
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2 


member shall also have a separate mark, in order to identify them should they for some reason 
or another become detached from the main member. The plans shall specify which pieces are 
to be bolted on for shipment, and the necessary bolts shall be billed. For standard marking 
system for a truss bridge, see Fig. 7. 

A system of assembling marks shall be established for all small pieces in a structure which 
repeat themselves in great numbers. These marks shall consist of small letters and numerals 
or numerals only; no capital letters shall be used; avoid prime and sub-marks, such as Mj’. Pieces 
that have the same assembling mark must be alike in every respect; same section, length, cutting 
and punching, etc. 

Shop Bills.—Shop bills shall be written on special forms provided for the purpose. When 
the bills appear on the drawings as well, they shall either be placed close to the member to which 
they belong or on the right hand side of the sheet. When the drawings do not contain any shop 
bills, these shall be so written that each sheet can have its bill attached to it if desired; one page of 
shop bills shall not contain bills for two sheets of drawings. In large structures which are sub- 
divided into shipments of suitable size, both mill and shop bills must be written separately for 
each shipment. In writing the shop bill bear in mind that it shall serve as a guide for the laying 
out and assembling of the member, besides being a list of the material required. For this reason 
members which are radically different as to material shall not be bunched in the same shop bill, 
neither shall pieces which have different marks be bunched in the same item, even if the material 
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isthe same. Bill first the main material in the member, and follow with the smaller pieces, begin- 
ning at the left end of a girder, or at the bottom of a post or girder. On a.column each different 
bracket shall be billed complete by itself. Do not bill first all the angles and then all the fiats; 
for example when the end stiffeners in a girder are billed, the fillers belonging to them shall follow 
immediately after the angles, and so on. 

When machine-finished surfaces are required, the drawing and the shop bill shall specify the 
finished width and length of the piece, the proper allowance for shearing and planing being made 
in the mill bill, When the metal is to be planed as to thickness, the drawing and the shop bill 
shall specify both the ordered and the finished thickness; one pl. 15 in. X in. X 1 ft. 6 in. (planed 
from 13/16 in.). ; 

Field Rivets.—A “Bill of Field Rivets” shall be made for each structure. The “Bill of Field 
Rivets” shall give in order the number, diameter, grip, length and the location of the rivets in 
the structure. The number of field rivets to be furnished to the erector shall be the actual number 
of each diameter and length required, plus 15 per cent, plus 10. 

Field bolts shall be billed on “bill of rivets and bolts” only. Bill them similarly to field rivets, 
and give the drawing number on which they are shown; 4—bolts } in. X 2 in. grip, 3 in. U. H. 
stringers “‘S’” to floorbeam “‘F” drawing No. 13, 4 hex. (or 4 square) nuts for above bolts. Bill 
of bolts and bill of field rivets shall be prepared and placed in the shop in time to be made with 
other material. 

General Notes.—Full information regarding the following points shall appear on the drawings, 


where practicable as ‘‘General Notes.’”’ Loading ........ » Specifications ieee. , Material 
chs Geis , Rivets ........, Open Holes........, Reaming Requirements ........, Other Special 
Requirements ........ , Painting. 


Erection Plan.—Make erection plans simultaneously with the shop plans, and keep same up 
to date. The erection plans must show plainly the style of connections; joints in pin spans are to 
be shown separately to a larger scale. ‘For the erection plan of a truss bridge see Fig. 7. Shipping 
bills showing the number of pieces, erection mark, and weight shall be made for each shipment. 

Subdivisions.—Every contract embracing different classes of work shall have a subdivision 
for each class. These subdivisions will be furnished by the chief draftsman. Drawings, shop 
and shipping bills must be kept separate for each class. 

PLATE* GIRDER BRIDGES.—General Rules.—The plate girder span shall be laid out 
with regard to the location of web splices, stiffeners, cover plates, and in a through span, floor- 
beams and stringers, so that the material can be ordered at once. Locate splices and stiffeners 
with a view of keeping the rivet spacing as regular as possible; put small fractions at the end of 
girder. Stiffeners, to which cross-frames or floorbeams connect, must not be crimped, but shall 
always have fillers. The outstanding leg shall not be less than 4 in., gaged 2% in.; this will enable 
cross-frames or floorbeams to be swung into place without spreading the girders. The second pair 
of stiffeners at the end of girder over the bed-plate shall be placed so that the plate will project 
not less than 1 in. beyond the stiffeners. 

Always endeavor to use as few sizes as possible for stiffeners, connection plates, etc., and 
avoid all unnecessary cutting of plates and angles. For this purpose locate end holes for laterals 
and diagonals so that the members can be sheared in a single operation. In spans on a grade, 
unless otherwise specified, put the necessary bevel in the bed-plate and not in the base-plate. 
In short. spans, say up to 50 ft. put slotted holes for anchor-bolts in both ends of girders, £ in, 
larger diameter than the anchor bolts. 

In square spans, show only one-half, but give all main dimensions for the whole span. In 
skew spans show the whole span; when the panels in one-half of span are same as in the other 
half, give the lengths of these panels, but do not repeat rivet-spacing, except where it differs. 

In the small scale diagram, which shall appear on every sheet, unless span is drawn in full, 
show the position of stiffeners, particularly those to which cross-frames or floorbeams connect. 

Deck Plate Girder Spans.—On top of sheet show a top view of span, with cross-frames, 
laterals and their connections complete, with the girders placed at right distances apart. Below 
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this view show the elevation of the far girder as seen from the inside, with all field holes in flanges 
and stiffeners indicated and blackened. At one end of the elevation show in red the bridge-seat 
and back wall, give figures for distance from base of rail to top of masonry, notch of ties, depth 
of girder, thickness of base-plate and of bed-plate or shoe. When the other end of girder has a 
different height from base of rail to masonry, give both figures at the one end, and specify “for 
this end”’ and ‘‘for other end.” If span has bottom lateral bracing, a bottom view (horizontal 
section) shall be shown below the elevation. When no bottom laterals are required, show only 
end or ends of lower flange of girder, giving detail of base-plate and its connection to the flange. 
Detail the bed-plate separately, never show it in connection with the base-plate. 

Cross-frames shall, whenever possible, be detailed on the right hand of the sheet in line with 
the elevation. The frame shall be made of such depth as to permit it being swung into place with- 
out interfering with the heads of the flange rivets in the girders. Always use a plate, not a washer 
with one rivet, at the intersection of diagonals. In skew spans it is always preferable to have an 
uneven number of panels in the lateral system. 

Through Plate Girder Spans.—Show on top of sheet an elevation of the far girder as seen from 
inside; below this view show a horizontal section of span as seen from above with the lateral system 
detailed complete. It is generally best to show floorbeams and stringers in red in this view and to 
detail them on a separate sheet. The stiffeners in a through span should always be arranged so 
that the floor system can be put in place from the center towards the ends. What is said under 
“deck spans ”’ about showing bridge-seat, back wall, detailing bed-plate separately, etc., applies 
to through spans as well. 

TRUSS BRIDGES.—General Rules.—Before any details are started all c. to c. lengths of 
chords, posts, diagonals, etc., shall be determined, and sketches made of shoes, panel-points, 
splices, etc., so that the material can be ordered as soon as required. 

If not otherwise specified, camber shall be provided in the top chord by increasing the length 
¢ in. for every Io ft. for railroad bridges, and 3% in. for every Io ft. for highway bridges. This 
increase in length shall not be considered in figuring the length of the diagonals, except in special 
cases, as directed by the engineer in charge. Half the increase in-length shall be considered in 
figuring the length of the top laterals. Particular attention must be paid to what is said under 
“General Rules’ about showing part of adjoining member in red, and about the small scale dia- 
gram on every sheet. 

For every truss bridge an erection diagram shall be made on a separate sheet, giving the ship- 
ping marks of the different members and all main dimensions, such asc. to c. trusses, height of truss, 
number and length of panels, length of diagonals, distance from base of rail to masonry, distance 
from center of bottom chord or pin to masonry, size and grip of pins (Fig. 7), also show in larger 
scale the packing at panel points, state any special feature which the erector needs to look out for, 
and give approximate weight of heavy and important pieces when their weight exceeds five tons. 
If in any place it is doubtful whether rivets can be driven in the field, the erection diagram and 
also the detail drawings shall state that ‘‘turned bolts may be used if rivets cannot be driven.”’ 
A list giving number and contents of drawings belonging to the bridge shall also appear on the 
erection diagram sheet. 

Riveted Truss Bridges.—In square spans, not too large, show the left half of the far truss as 
seen from the inside and detail all members in their true position, making scale of the skeleton one- 
half the scale of the details. In skew spans, not symmetrical, show the whole of the far truss. In 
large spans detail every member separately. When detailing web members bear in mind that the 
intersection point on the chord must not be used as a working point for a member which stops 
outside of the chord. A separate working point, preferably the end rivet, shall be established on 
the member proper, and shall be tied up with the intersection point on the chord. 

The clearance between the chord and a web member entering same shall, whenever possible, 

_be not less than 4 in. in heavy and 7g in. in light structures. 

Members shall be marked with the panel points between which they go, for example, end- 
post Lo-U1; hip vertical U;-Li; top chord U,-U;, etc., see Fig. 7. 

27 
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Pin-connected Truss Bridges.—In pin-connected truss bridges detail the left half of the far 
truss as seen from the inside, every member by itself. It is generally best to commence with the 
end-post, showing it lengthwise on the sheet with the lower end to the left; then the first section 
of the top chord, and soon. ‘The packing at panel points shall, whenever possible, be so arranged 
that, besides the customary allowance of 7g in. for every bar, a clearance of not less than 3 in. can 
be provided between the two sides of the chord. When two or more plates are used, 3 in. should 
in addition be allowed for each plate. Members shall be marked the same as for riveted truss 
bridges, with the panel points between which they go, see Fig. 7. 

Order of Detailing Truss Spans.—In making detail plans and bills of material the foley aie 
order shall be followed for truss spans. 


1. General drawing; 7. Upper laterals; 

2. End-posts; 8. Lower laterals; 

3. Upper chords; 9. Floorbeams; 

4. Lower chords; 10. Stringers; 

5. Intermediate posts; 11. Castings, bolts, eye-bars, pins, ete. 
6. Sway bracing; 


OFFICE BUILDINGS AND STEEL FRAME BUILDINGS.—Number of Drawings.—The 
different sheets shall be numbered consecutively, whether large or small. No half numbers are 
permissible except in.emergency cases. It is always well to arrange the number so that the sheets 
follow in the order in which the material is required at the building. The following is generally 
a good order: 

1. Floor plans for all floors; 
. Column schedule; 
. Cast-iron bases for columns; 
. Foundation girders; 
. Foundation beams; 
. First tier of columns; 
. Riveted girders, connecting to first tier of columns 
. Beams connecting to first tier of columns; 
g. Miscellaneous material for above; 

10. Second tier of columns, etc., etc. 

Floor Plans.—Floor plans, Fig. 12, shall, as a rule, be made to a scale fin. tor ft. A separate 
plan shall be made for each floor, unless they are exactly alike. Columns shall be marked consec- 
utively with numerals, the word Col. always appearing in front of the numeral, for example, 
Col. 20. The architect or engineer has generally on his drawing adopted a system of marking for 
the columns, which should be adhered to, unless altogether too impracticable. Riveted girders 
shall be indicated with two (2) fine lines when they have cover plates, and with four (4) fine lines 
when they have no cover plates. They shall be marked consecutively with numerals, using the 
same marks for girders which are alike. Beams and channels shall be indicated with one single 
heavy line. They shall be marked the same as girders, with numerals, using same marks when 
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alike. Tie-rods shall be indicated with one single fine line; they need not have any marks. The 
marking system shall be as uniform as possible for the different floors, i. e., a beam which goes - 


between Col. 2 and Col. 3 shall be marked with the same numeral throughout all the floors. All 
figures necessary for making the details shall, as a rule, appear on the floor plan, care being taken 
in writing same to leave room for the erection marks, which must be printed in heavy type above 
the line or lines representing a beam or girder. 

Column Schedule.—For every large building a schedule of the columns shall be made before 
the details are started, see Fig. 13. Each column, even should several be alike, shall have a separ- 


ate space, in which shall be given the material and the finished length. As soon as the detail. 


drawings for one tier of columns are finished the sheet numbers shall be inserted as shown on the 
sample schedule, Fig. 13, making the schedule serve as an index for the column drawings. 
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Columns.—Columns shall, whenever possible, be drawn standing up on the sheets as they 
appear in the building. If it becomes necessary to draw them lengthwise on the sheet, the base 
shall be to the left. Particular attention shall be paid to establishing a marking system for 
brackets, splice-plates, etc. A summary of all these standard pieces shall be made for each tier 
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and sent to the shop as early as practicable, in order that they may be gotten out before the main 
material is taken up. The material for the small pieces shall, as far as possible, be chosen from 
stock sizes. Columns shall be marked with the numbers of the floors between which they go; 
Col. 5 (1-3). The lower tier is best marked “Basement Tier.” Standard details for columns are 
given in Fig. 14 and Fig. 15. 

Riveted Girders.—Girders shall be marked with the number of the floors, not with letters, 
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unless requested; for example, 2d Floor, No. 5. What is said under columns about marking system 
for standard pieces applies to girders as well. . When a girder is unsymmetrical about the center 
line, and a question may arise how to erect it, one end shall be marked with the number of the 
column to which it connects, or with North, South, East or West. Girders must not be bunched 
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together for the different floors more than to meet the requirements in the field; but they must 
correspond to the tiers of columns as they will be erected. 

Beams.—Beams shall be drawn on the standard forms provided for the purpose. They 
need not be drawn to scale, see Fig. 16 and Fig. 17. Beams shall be marked the same as girders 
with the number of the floor; One 12” I @ 40 lb. X 19’-33”’, (Mark) 2d Floor No. 35. What 
is said under girders about marking one end, when not symmetrical around the center line, and 
about not bunching the different floors more than to meet the requirements in the field, applies 
to beams as well. 

Whenever possible use standard framing angles, Tables 117 and 118, Part II. If it isdeemed 
necessary to use 6 in. X 6in. angles, punch both legs the same as the 6 in. leg of standard; in 34 in. X 
33 in. or 4 in. X 3% in. angles, punch both legs the same as 4 in. leg of standard. It is not abso- 
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lutely imperative that the gage of the framing angles shall be standard as long as the vertical distance 


between the holes and in the 6 in. leg the horizontal distance (2} in.), are kept standard. Holes 
for connections, tie-rods, etc., shall be located from one end of the beam, preferably the left. 


If 


one end rests on the wall and the other end is framed, then figure from the latter end, be it right 
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This rule may be dispensed with in case of numerous holes regularly spaced in web or 


or left. 


The allowed overrun at ends of beams 


must always be indicated, either by giving figures or by showing wall bearing. Holes at the end 


flange for connection of shelf-angles, buckle-plates, etc. 
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of beam for anchors are best figured from wall end, not connecting them with other figures. The 
distance between end holes in beams which connect through web or flange to columns, girders, etc., 
shall always be given. When framing angles are standard, do not give any figures for either shop 
or field rivets, except the distance from bottom of beam to center of connection or to first holes in 
framing angle, and the horizontal distance between field holes. When special framing angles are 
used, the fact must be noted and figures given for gages, etc. For standard connection holes in 
web of beam all figures required are the distance from bottom of beam to centre of connection or 
to first hole and the horizontal distance between holes. Whenever possible use standard punching. 
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ERECTION PLAN FOR MILL BUILDINGS.—The preceding method for office buildings 
will ne@d considerable modification for steel frame mill buildings. The following method for 
making erection plans sor steel frame mill buildings has been found very satisfactory. 

If the points of the compass are known, mark all pieces on the north side with the letter, N, 
those on the south with the letter, S, etc. Mark girts N.G.1; N.G.2; etc. Mark all posts with a 
different number, thus: N.P.1; N.P.2; etc. Mark small pieces which are alike with the same 
mark; this would usually include everything except posts, trusses and girders, but in order to 
follow the general marking scheme, where pieces are alike on both sides of a building, change the 
general letter; e. g., N.G.7 would be a girt on the north side and S.G.7 the same girt on south side. 
Then in case the north and south sides are alike, only an elevation of one side need be shown, and 
under it a note thus: ‘‘Pieces on south side of building, in corresponding positions have the same 


STANDARD DETAILS FOR ANGLE STRUTS. 409 


M. LU, S44 Inu (3 “ani wt 
EL 535 °X ig x40" (3"b-tob) 4 } 3} 


‘oF fo 
of'x3"? 
SU) sae eee One Strut 410" et 
war eal sg Noe fg oe 
ae BAY os OXOK ERM i Meee Wier i 


3 268 6" 4"% 29043" aa fi aah 
SCE es Se 2 Struts 120" £ 
! uw Molt 
He tee, eas att 
heed eye a UP eT ay Pe end ee oC loc 
eth ha | £3) 218 6"*A"% 3 "x 88S" (IF b- Eo by) | Sa gi! 
ae p4~||- Se 
LO 
8 | we Wy, LM , L4 fu 
= a a RES ee 0110 pa™ eee Ae 2186" 4" Ex OVOL" bh 
Os A P08 co 2 Pieces. 8108" 2 Eile 53406" db 
=: BY BN at Pa 
Sk es Ko 
xu! 
S ~ 
wot TPl 2" 2 O'9L!, S: 
l-+ +/, le Xz xO ‘2 ploxe plox Ss: 
Ufa , yu TIS 
PC Soe ae One Piece 8°68" got 
S 
L 
a o 20s 3% 2g "x$'x4'9" (2"b-tob) Cres. oo 
Vem » U Hoe 
1 Sore || | v7 4 TH 
eae ae 8 ais 6'4"3"s08¢" 30 8 EAR e Bock 228 Lom 
0 AD ea MeO Biaces PPPOE ee ak ee 
at 53°c- 2 Se 
364 Be a nn = ieee “4 
val Seme as K5 except as shown ——— ad BN 73" 
gs a 2u6'%a' La a 
ata 
t 


6 Braces 41/7" =i I 


Fic. 18. STANDARD DETAILS FOR ANGLE STRUTS. 


410. STRUCTURAL DRAFTING. Cuay: XII. 


number as on this side, but prefixed by the letter, S, instead of the letter, N.’’ Mark trusses 
T.1; T.2; etc. Mark purlins R.1; R.2; etc. 

The above scheme will necessarily have to be modified more or less according to circum- 
stances; for example, where a building has different sections or divisions applying on the same order 
number, in which case each section or division should have a distinguishing letter which should 
prefix the mark of every piece. In such cases it will perhaps be well to omit other letters, such as 
N., S., etc., so that the mark will not be too long for easy marking on the piece. In general, 
however, the scheme should be followed of marking all the larger pieces, whether alike or not, 
with a different: mark. This would refer to pieces which are liable to be hauled immediately to 
their places from the cars. But for all smaller pieces which are alike, give the same mark. 

DETAIL NOTES.—Sections.—End views of sections shall be shown as in (a) Fig. 19, and 
sections shall be cross-hatched or blackened as shown in (b) Fig. 19. 

Assembling Note.—Covers, webs, flange angles, etc., must not be marked alike when it 
would be necessary to turn them end for end, see (c) Fig. 19. 

Rivet Spacing.—Rivet spacing must be tied up from end to end. 
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FIG. 19. 


Connection Plates.—In detailing connection plates wherever bevel for holes on lines ‘‘b,” 
(d) and (e) Fig. 19, is different, spacing for holes on lines ‘‘a’’ should be made different to prevent 
plates from being interchanged. 

Writing Angles.—In writing angles give the longer leg first, 1-L 6’ X 4” X 3 1” Xx 10 '-o4""" 

Writing Plates.—In writing plates the width of-the plate is given in inches, ihe thine in 
inches, and the length in ft. and in.; 2—-Pl. 48” & 3” X 15’-0#”. A length of 9 in. should be 
written 0’-9” and not 9”. The width of a plate is the dimension at right angles to the length 
of the member, while the length of a plate is the dimension parallel to the length of the member 
to which the plate is attached; except that for lacing bars, tie plates and cther universal mill 
plates 6 inches and less in width the least dimension is taken as the width of the member, and 
for splice plates the width is the dimension at right angles to the splice. 

Writing Sections.—Sections are written as follows: 1-I 12” @ 40 lb. X 16’-33”. 

Miscellaneous.—Bevels may be shown as so many inches in 12”, (a) Fig. 20; or where con- 
venient the total lengths may be given as in (b) Fig. 20. The latter method is the better as it 
assists the checker and the templet maker. 

The maximum amount that one leg of an angle can 1 be bent is 45°. Fora greater bend than 
45° a bent plate shall be used, (c) Fig. 20. 

The center to center length of stiff laterals should be not less than 35 in. short. 

Do not use 2 sizes of rivets in the same leg, or same angle, or same piece unless absolutely 
necessary. 
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Where unequal legged angles are used mark the width of one leg of the angie on the leg. 

Where heavy laterals are spliced in the middle by a plate, ship the plate riveted to one angle 
only. 

Do not countersink rivets in long pieces unless absolutely necessary. 

Do not draw any more of a member than necessary, and do not dimension the same piece 
several times. 

Revising Drawings.—When drawings have been changed after having been first approved, 
they must be marked, Revised (give date of revision). 


6 940" MEWS. eee 
(a) (b) (d) 


FIG. 20. 


Measuring Angles.—All measurements on angles are to be made from the back of the angle, 
and not from the edge of the flange. The center to center distance between open holes should 
always be given for each piece that i is shipped separate, in order that the inspector’can check the 
piece. 

Width of Angles.—The widths of the legs of angles are greater than the nOriniad widths, 
unless the angle has. been rolled with a finishing roll. The over-tun for each leg is equal to the 
nominal width of the leg plus the increase in thickness of leg made by spreading the rolls.. For 
example finishing rolls are used for rolling 3’ X 3’’ angles with a thickness of +’. The actual 
length of the leg of a 3’ X 3” angle is as follows: angle 3 X 3/” X } rleg 35 angle 32 Gaia <Gnaus 
leg 376”; angle Se od oS: bay teee gs angle-3/-X 3-4", lez 3n ‘jangle 3 X 3" X 8”, 
leg 33”. 

The over-run of Pencoyd angles are given in Table 27, pait Lis ‘and the over-run of Pennsyl- 
vania Steel Company’s angles are given in Table 28, Part II. 

POINTS TO BE OBSERVED IN ORDER TO FACILITATE ERECTION.—The first 
consideration for ease and safety in erection should be to so arrange all details, joints and con- 
nections that the structure may be connected and made self-sustaining and safe im the shortest 
time possible. Entering connections of any character should be avoided when possible, notably 
on top chords, floorbeam and stringer connections, splices in girders, etc. When practicable, 
joints should be'so arranged as'to avoid having to put members together by entering them on end, 
as it is often impossible to get the necessary clearance in which to do this. In all through spans 
floor connections should be so arranged that the floor system can be put in place after the trusses 
or girders have been erected in their final position, and vice versa, so that the trusses or girders 
can be erected after the floor system has been set in place. All lateral bracing, hitch-plates, rivets 
in laterals, etc., should, as far as possible, be kept clear of the bottoms of the ties, it being expensive 
to cut out ties to clear such obstructions. Lateral plates should ‘be shipped loose, or bolted on 
so that they do not project outside of the member, whenever there is danger of their being broken 
off in unloading and handling. Loose fillers should be avoided, but they should be tacked on with 
rivets, countersunk when necessary. 

In elevated railroad work, viaducts and similar structures, where longitudinal girdlere frame 
into cross girders, shelf angles should be provided on the latter. In these structures the expansion 
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Clearance “3” should never be less than #” 

Clearance “b’ should never be less than #' From center line bo each piece, and 
where possible should be $". 

Clearance “h” should never be less than $ and as a rule should be |” 

Always give Figure for distance “m” on detail for use of checkers 


When standard framing angles are used, make “m”= 63+ 
Clearances given should be allowed in adoition to overrun oF angles » 
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joints should be so arranged that the rivets connecting the fixed span to the cross girder can be 
driven after the expansion span is in place. In viaducts, etc., two spans, abutting on a bent, 
should be so arranged that either span can be set in place entirely independent of the other. The 
same thing applies to girder spans of different depth resting on the same bent. Holes for anchor- 
bolts should be so arranged that the holes in the masonry can be drilled and the bolts put in place 
after the structure has been erected complete. 

In structures consisting of more than one span a separate bed-plate should be provided for 
each shoe. This is particularly important where an old structure is to be replaced; if two shoes 
were put on one bed plate or two spans connected on the same pin, it would necessitate temoving 
two old spans in order to erect one new one. In pin-connected spans the section of top chords 
nearest the center should be made with at least two pin-holes. In skew spans the chord splices 
should be so located that two opposite panels can be erected without moving the traveler. Tie 
plates should be kept far enough away from the joints and enough rivets should be countersunk 
inside the chord to allow eye-bars and other members being easily set in place. Posts with 
channels or angles turned out and notched at the ends should be avoided whenever possible. 

ORDERING MATERIAL.—Bridge Work.—Ordinarily plates less than 48 in. wide are 
ordered U. M. (universal mill or edge plates), but when there is no need for milled edges and 
prompt delivery is essential specify either U. M. or sheared. Never order widths in eighths. 
Flats and universal (edge) plates over 4 in. in width should be ordered in even inches, flats under 
4 in. should be ordered by 3 in. variation in width. Flats 4 in. and under in thickness are very 
difficult to secure from the mills and should be avoided if possible. 

Rolling mills are allowed a variation of } in. in width of plates, over or under, and a variation 
of 3 in. in length, over or under, from the ordered width or length. Rolling mills are allowed a 
variation of # in. over or under the ordered length. of beams, channels, angles, zees, etc. An 
extra price is charged for cutting to exact length. See Chapter XIII. 

Allow 7 in. in thickness for planing plates 2 ft. 6 in. square or less, $ in. for plates more than 
2 ft..6 in. square, and § in. for columns; chords and girders which have milled ends are ordered 
4 in. longer than the finished dimensions. 

Web plates should be ordered 3 in. less than the back to back of flange angles unless a less 
clearance is specified. Web plates should preferably be ordered in even inches and the distance 
back to back of angles made in fractions. 

When angles, beams or channels are bent in a circle allow 9 in. to 12 in. for bending. 

Bent plates should be ordered to the length of the outside of the bend. 


Fic. 24. BEAMS BETWEEN COLUMNS. 


Large gusset plates, large plates with angle cuts, etc., should be ordered as sketch plates, 
when the amount of waste if ordered rectangular will exceed 20 per cent. Mills will not make re- 
entrant cuts in plates or shapes. 

In ordering lacing bars add 3% in. to the finished length and order in multiple lengths. 

ORDERING MATERIAL.—Building Work.—Order beams in foundation neat length. 

Order beams framing into beams 3 in. short for each end, see Fig. 24. 
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Order main column material } me long for milling both ends (this take care of permissible 
variation in length of plus or minus 3 in. as well as the milling). 

Order girder flange angles and plates 1 in. long. 

Order girder web plates 3 in. short, where end connections are used. 

Order girder web plates neat length, where end connections are not used. 

Order girder web plates 3 in. less in width than back of flange angles. 

Order stiffener angles 7 in. long. 

Order fillers under stiffeners neat length. 

Add ;3; in. to each lacing bar and order in multiple lengths. 

SHAPES AND PLATES MOST EASILY OBTAINED.—tThe ease with which different 
commercial sizes of shapes and plates may be obtained from the rolling mill varies with the mill 
and with the demand. Where any section is in demand rollings are frequent and the orders are 
promptly filled, while the order for a section not in demand may have to wait a long time until 
sufficient orders have accumulated to warrant a special rolling. 

The following list of plates and sections is fairly accurate, the list varying from time to time. 

Plates.—Plates most easily obtained. 


Width, Thickness, Width, ¥ Thickness, 
In. In. In. In. 
1% #; and + 5 % and up 
Ls #; and + 6 4 and up 
2 zs and + 7 % and up 
24 % and up 8 % and up 
24 % and up 9 % and up 
B % and up 10 % and up 
35 ; and up 12 % and up 
4 % and up 14 % and up 


Over 14 in. in width it is immaterial what width of plate is specified. 
Squares and Rounds.—Squares and rounds most easily obtained. 
Rounds, aM a” a, it 14”, 13”, 

Squaress the agel sake oles 

All other sizes are liable to cause delay. 


Beams.—Sizes of I-Beams which can be obtained most readily. 


Depth. Weight. 
@ 124 lb. 
8” 18 lb. 203.lb: 
TO 25 le ZOnmlos 
Te 21> lba35 be oulbs 
D5 42 lb. 50 lb. 60 lb. 
18” 55 lb. 60 Ib. 70 lb. 
2Ou 65eulbmsOm llores 
24" 80 lb. 90 Ib. 100 lb. 
Sizes of I-Beams which may be used but for which prompt deliveries may not be expected. 
Depth. Weight. 
5/7 92 lb. 
rite 15 lb. 
9!’ 21 |b. 25 lb. 


Beams of weights different from the above can always be obtained from the mills but not so 
readily as those given. Beams of minimum section can always be obtained more readily than 
heavier sections. 


SHAPES AND PLATES MOST EASILY OBTAINED. 
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Channels.—Channels which can be most readily obtained from the mills. 


Weight. 
8 Ib. 


11% lb. 183 lb. 

15 lb. 20 Ib. 25 lb. 
203 Ib.-25 lb. 30 1b. 
33 |b. 40 Ib. 50 lb. 


Sizes.which may be used but for which prompt deliveries cannot be expected. 


Depth 
6” 
see! 

r0'" 
I Qt" 
I 5” 

Depth. 
5a 
vee 
9” 


Weight. 
63 |b. 
$ Ib. 
13% Ib. 


Channels of weights different than-those given above can always be obtained at the mills 


but not so readily as those given. 
readily than heavier sections. 


Channels of minimum section can always be obtained more 


Angles.—Angles most easily obtained from the mill. 


Even legs. —24" x 2k"; Blt x ee ak!! x Bhs 4 x Aue 
wr << 2h": 35" SG Bus oye NC ra 5” x 33"; 6” x Ae 


Uneven legs.—23” X 2”; 3 


“i 6!” x 6.2 


Angles which may be used oe for which prompt deliveries cannot be expected. 

Even legs. —— ae Ss 2 24" 3 Dales Sis < ie faye 4 Sie 

Uneven legs. =e x 2"; 3h! x 2h". (pe x 3h"; 6" xX aur, 

Angles 4” X 34”; 5” X 4”; 7” X 33” and 8” X 6” are very difficult to obtain. 

To obtain prompt deliveries as few sizes and shapes as, practicable should be used for any 


contract. 


For example if 6” & 4”’ angles are used 6” X 34 


¥"’ should be avoided, and vice versa. 


Tees.—If possible the use of Tees should be confined to 3” XK 3” x 3?” and 2” XK 2” & 35”, 


and even these sizes are uncertain of delivery. 


Zees.—The delivery of zees is uncertain and: will depend upon special rollings, which do not 
occur frequently. The following sizes are the most used, and are therefore most easily obtained. 


Web. 
alt 
4 
ae 
67 


” 


Thickness. 
a” ps” and 3 37 
a” ps” and 3 af 
ts”, a” a ey 
ee aM BI Pane: vas and 7 


Stock Material—The Pennsylvania Steel Company carries the following material in stock 


in 30 ft. lengths for use in its structural plant. 


Angles, Even Legs. 
64 x 6” x is” and a" 
4” a Ae x 3” and is” 
3h” x 35 <3 3/1 and z 1 a 
gy x a Se ae 3 a is” 


Plates. 
20” x an and a” 
18” Bir and ath 
16” x 2 and ar 
nee x aa and ar 
ii x a” and 4” 
13” x 7 and a 
12” X es ie” and a 
10” X gr and aa” 
9” x 22 
28 


Angles, Uneven Legs. 
6” < Al x 3 3/r ie” and 4 aah 
9. 
Bie x 33/ >< ans is "hE ae be 
re x 34” x fe and} 3 
Ay 


35 x Bu xX Z a and 2 on 
3!" 4 ae x am] ’ and a” 
Flats 


‘ 
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Lengths and Widths of Plates——The maximum sizes and lengths of shapes and plates as 
rolled by the Carnegie Steel Company and the Illinois Steel Company are given in Table I to 
Table VII, inclusive. 


TABLE I. 
Maximum LENGTHS OF SHAPES; CARNEGIE STEEL Co. 
I Beams:— Angles oe Legs) :— 
DALAM Dice eeealens aha ait Chk tte aay s 75 ft. Be Oa SIE eae oso eteea ersten eeaeee 80 ft. 
DOLSEONS (eetesecs wiles eee eee SS ee 7 Oe PLES CRE SCAT ALO teins 80 
CY PE. le Vides Spa RE 50 “ at XK 34 18 to ale! ees se 85 “ 
Channels:— CYA dep Ne as HL oe a A th G Souie 
ESR etORUD: eRe ae Soe aaa o Waite 6! x4 xX FF Sand inder 22. ace go “ 
10” SCAT aALdepieet-tee se iclic alereens 7 Ome 6 REY OOK ats ho er ee 80 “ 
KOM SMCCIAl aencdrchcesie wees Siac. « Soy. 613 es ee a eee 85a 
ORBLE ONG Melayatanecar tee oiererctoteal ie sees 7On 6! X35) ea andatnderan eae go “ 
Und UES rake sinole, oi arclehatave 5. sie os BOM, BK GO is Be eee QOos 
Tees:— MD, Gacy Gee Oe einai Xo aao0t 75‘ 
SR CORI Lomi etce sine citattn eho 6b 50 ft Mle. ee eB Arca GeO oi6'6,c 80 “ 
Zees:— 5” X33 oe 2 Sandsunder: a go “ 
GAC ATS were ey ater otek: 5:3! sates cos 70 ft 5. BU a Aantie ae a ee e O0% 
a aE MRR Dr cco eps eke levee) eat hst 65m Ae 3K Ao eee 50 “ 
4” SGeanid UNGER etait sisc<% + oe 7 Ole Aa 3K BK Be ee eee 55 “ 
A ase ONS A oe i Ce Te a Oo 4g! X38) K Ae eee eee 605 
Deck Beams: — Aa OX eee 5m 
OY este, Heatile SOMES S Oe Ee TAS Ge 43° XE ES oe 7 Ones 
OLB OsTianteretete chee steals «12° spire axe 65 “ 43X35 Ke andtundens.4 eee 80 “ 
Cees 6 ox OSE STON ee 605. A Kad is che SE ee go 
Bulb Angles:— PAM ie Via Ge pater nes 855 
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TABLE II. 
Maximum LENcTHS oF MATERIAL; ILLINOIS STEEL Co. (SouTH Works). 
Angles:— 
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In case it is absolutely essential to have any of the above material in lengths longer than 
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shown, it will be necessary to take the matter up with the mill to ascertain whether same can be 
obtained. 

For extreme lengths of material rolled at the Bay View (Milwaukee Works) follow list of 
maximum lengths rolled by Carnegie, as the facilities for rolling all smaller sections are about 
the same at both mills. 

TABLE III. 
MAXIMUM SIZES. OF RECTANGULAR AND CIRCULAR PLATES; CARNEGIE STEEL Co. 
SHEARED PLATES, ONE-FourRTH INCH AND OVER. 


Widths and Lengths in Inches. 
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1 8’ wide and under can also be rolled on Universal Mills. % 
Sate length and Universal Mill Sizes, see Universal Mill Plate Table V. af 
Plates of greater dimensions than shown in above tables may be submitted for specia 


consideration. 
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TABLE IV. 


Maximum Sizes OF RECTANGULAR AND CIRCULAR PLATES; CARNEGIE STEEL Co. 
SHEARED PLATES, THREE-SIXTEENTHS INCH AND UNDER. 


Widths and Lengths in Inches 


Thickness, Inches, 
B. W. G. 
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TABEE, V. 


Maximum Sizes OF RECTANGULAR UNIVERSAL PLATES; CARNEGIE STEEL Co. 
UNIVERSAL MILL PLATES, ONE-FoURTH INCH AND OVER. 


Widths and Lengths in Inches. 
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Plates of greater dimensions than shown in above tables may be submitted for special 
consideration. 
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TABLE VI. 
Maximum Sizes oF UNIVERSAL PLATES; ILLINOIS STEEL Co. 


Thickness, Width of Plate in Inches. 
Inches. 
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All plates both sheared and Universal Mill rolled by Illinois Steel Co., can exceed above lengths 
by 1 ft. If longer lengths are necessary take up with the mill. 


DESIGN DRAWINGS FOR STEEL STRUCTURES. 


Drawings.—Designs shall be made on standard sized sheets. A scale of } in. to 1 ft. shall 
be a minimum, a larger scale being used if practicable. Give such distances on both plan and 
cross-section that the dimensions-of either can be understood without reference to the other. 


DeEsIcns oF MILL BUILDINGS. 


Loads.—All roof loads, snow loads, wind loads, floor loads, wheel loads and spacing for 
cranes, and in case of bins, the weight per cubic foot and the angle of repose of the material shall 
appear on the design drawings. 

Diagrams.—Draw as many sections as are necessary to show all transverse bents and trusses, 
a plan of lower chord bracing, and views to indicate framing and side views when necessary to 
give location of doors and windows. When a sectional view is shown, always mark the location 
of the sections on the plan. When two buildings frame into each other the design should always 
indicate the framing for the connections, drawing additional sections if required. 
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Stresses.—The stresses in all members of transverse bents, trusses and latticed and plate 
girders, and the loads on all main building columns shall be given on the design drawings. Give 
maximum bending moment and maximum shear in all crane girders, plate girders, and floor girders — 
and columns. Maximum shear and bending moment shall be given for all stringers or I-Beams 
used as floor or crane girders. 

Notes.—Material (whether O. H. (open-hearth) or Bessemer, soft, medium or structural 
steel); specifications (name and date; size of rivets and holes, reamed or punched full size). 

Angle Members.—In all cases where two unequal legged angles are used as main members, 
show the direction in which the outstanding legs are turned by giving the dimension of the leg 
appearing in elevation, or by exaggerating the longer leg. 


TABLE VII. 
MAaAxImMuM SIZES OF SHEARED PLATES; ILLINOIS STEEL Co. 


Thickness, Width of Plate in Inches. 
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Sections.—Give sections of all members used in the structure. Whenever two or more 
columns or other members in different locations have the same section, either note it, or mark the 
section on each one. For a column of special make-up show a cross section. 

Dimensions.—The following dimensions should be given: (1) Height of lower chord of 
trusses from floor level; (2) elevation of top of crane rail with clearance; (3) distance c. to c. of | 
crane rail with clearance; (4) distance b. to b. of angles of all main columns; (5) pitch of trusses 
or height of same at heel and slope of upper chord; (6) width and height of ventilator; (7) length 
of bays; (8) distance c. to c. of building columns; (9) location and size of stacks; (10) location and 
size of openings and circular ventilators; (11) thickness of all walls, and relation to center line 
of columns. 

Windows.—Give size and number of lights and height of windows. Show location of all 
windows. State whether pivoted, sliding, counter-balanced or fixed, and whether continuous. 
State kind of glass. ! 

Doors.—Give dimensions (width by height) and state whether wood or steel, swinging, 
lifting, rolling or sliding. State style of track, hangers and latch. 
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Louvres.—Note depth on design, and whether wood or metal, fixed or pivoted. If metal 
give gage and kind of same. 

Corrugated Steel.—Give gage and kind of all corrugated sheeting, painted or galvanized; 
method of fastening, lining, etc. 

Gutters and Conductors.—Show gutters, conductors and downspouts where necessary and 
give size and kind and thickness of metal, methods of fastening, etc. 

Circular Ventilators.—Show location on design and note size and kind. 

Roofing.—Give kind of roofing material, and thickness of sheathing when used. 

Notes.—Note on design the section of: (a) Purlins and form where trussed; (b) girts; (c) sag 
rods; (d) lateral bracing; (e) end columns; (f) window posts; (g) door posts. 

Connections.—In making a design be sure that all clearances and connections with adjoining 
structures. are properly provided for and that all dimensions necessary for detailing of same are 
given on the design. 

DESIGNS OF PLATE GIRDER BRIDGES. 


Loads.—Give assumed dead, live and wind loads, and show diagram of wheel loads. 

Diagram and Views.—Show an elevation of girder with stiffeners, a plan with lateral bracing, 
and a half end view and a half intermediate section. 

Stresses.—Give maximum bending moments and maximum shears, maximum stresses, 
required and actual net area of flanges, noting number of rivets deducted, and required net and 
actual gross areas of webs. 

Dimensions.—The following dimensions should appear on all plate girder designs. Distance 
b. to b. of end angles, or distance out to out of girders, c. to c. of bearings, back wall to back wall, 
or c. to c. of piers, b. to b. of flange angles, spacing of girders and track stringers, base of rail to 
masonry, end of steel to face of back wall, angle of skew if any, and grade of base of rail. 

For girder bridges on curves give the curvature and super-elevation of outer rail and distance 
from top of masonry to base of low rail. Give elevation of grade and of masonry on a vertical 
line through center of end bearing. 

Rivet Spacing.—Note on the elevation of girders the spacing of rivets connecting flange 
angles to web, changing spacing at stiffener points. Give number of rivets in single shear for end 
connections of all laterals and cross frames. 

Shoes and Pedestals.—Give maximum reaction, required and actual area of masonry plate, 
with allowable pressure on masonry. Note size of bed plate, and show in position with location 
of holes for anchor bolts. Note size and number of rollers for expansion pedestal, and also whether 
pedestal is built, cast iron or steel. 

Expansion Points.—Mark fixed and expansion points and show whether pedestals or bearing 
plates are to be used. 

Stiffeners.—Show end and intermediate stiffeners on elevation of girder, giving sections and 
stating whether fillers are used, or stiffeners crimped. 

Super-elevation.—If the bridge be on a curve, show how the super-elevation of the outer 
rail is to be cared for, whether by tapering ties, or changing height of pedestal or masonry plate. 

Track.—Show track in place, noting such information as size and notching of ties and guard 
timbers and manner of connecting timber deck to the girder. For through girder always show 
clearance diagram with dimensions. 

Notes.—(a) Material (whether O. H. (open-hearth) or Bessemer, soft, medium or structural 
steel); (b) specifications (name and date); (c) size of rivets and holes, reamed or punched full size. 


DesiGNns or Truss BRIDGES. 
Loads.—Always give the following assumed loads on the stress sheets. 
Dead Loads.—(a) Weight of track in Ib. per lin. ft. of track; (b) weight of trusses and bracing 
per lin. ft. of bridge; (c) weight of stringer and stringer bracing per lin. ft. of bridge; (d) weight 
of floorbeams per lin. ft. of bridge. 
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Live Load.—(Diagram of wheel loads.) 

Wind Load. 

Diagrams.—In general, the design shall show an elevation of the erie, plan of top lateral 
bracing, plan of bottom lateral bracing and stringer bracing, half end view showing portal, half 
intermediate view, or as many intermediate views as are necessary to show intermediate sway 
frames. The end view shall show track in place with information similar to that for plate girders. 
The design of a pin-connected bridge shall show the sizes of pins and the arrangement of the 
members at all panel points. 

Stresses.—Give the stresses in all members of trusses as follows: D. L. (Dead Load); L. L. 
(Live Load); I. (Impact); C. (Curvature); W. (Wind Stresses). Also total stresses. 

Always use the minus sign for tensile stress and the plus sign for compressive stress. Compute 
and give traction stresses for viaduct towers. F 

For stringers and floorbeams give the bending moment and shear and stresses in the same 
manner as for plate girders. 

General Dimensions.—The most important dimensions are, number of panels ang length, 
depth of truss at every panel point if upper chord is curved, distance c. to c. of trusses, distance 
base of rail to masonry, distance center of end pin to masonry, distance c. to c. of end pins and 
face to face of masonry, orc. toc. of piers. If the bridge be on a curve, give the degree and show 
direction of curvature, the distance of base of low rail to masonry, and the super-elevation of 
outer rail. Note that greater clearances are required on curves. Show the clearance line and line 
of base of rail in the elevation of truss. 

Compression Members.—Give the actual unit stress, the allowable unit stress, radius of 
gyration, moment of inertia, actual and required area, eccentricity and cross-section. 

Tension Members.—Give allowable and actual stresses, the required and actual net area. 
For built sections give number of holes deducted for rivets in obtaining net area, and radius of 
gyration. é 

Sections.—Give section of every member and thickness of all gusset plates. Always give 
size of lacing bars, and state whether single or double lacing is required. 

Built Sections.—On all built sections give depth of section, and in using plate and angle 
sections, make the web 3 in. less in width than the depth of section. 

Angles with Unequal Legs.—In any member composed of one or more angles with unequal 
legs, show clearly the direction in which the long or short leg is turned. 

Rivets.—Note the number of rivets to be used for end connections of all members, and give 
the number of rivets in single shear required at end connection of track stringers. 

Shoes or Pedestals.—Give maximum reaction, required and actual area of masonry plate, 
with allowable pressure on masonry. Note size of bed plate, and show in position with location 
of holes for anchor bolts. Note size and number of rollers for expansion pedestal, and also whether 
pedestal is built, cast iron or steel. 

Camber.—The amount of camber should be shown on the design. Pn 

Notes.—Same as for Plate Girders. 


CHAPTER XIII. 


ESTIMATES OF STRUCTURAL STEEL. 


GENERAL INSTRUCTIONS.—When an estimate of the structural steel in a structure - 


is to be made the man in charge shall immediately examine all of the data furnished to see that 
he has sufficient information to make a satisfactory estimate. He shall fill out’ the data sheet 
completely, and then take off the quantities. Use only the standard estimate blanks for taking 
off material. The author has found the estimate blank below very satisfactory. 


CROCKER @® KETCHUM 
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DENVER, COLO. 
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Number each page consecutively, and when all the quantities are totaled prepare a summary 
on the last page. Each sheet shall have the sheet number and also the total number of sheets 
in the estimate, for example 9 of 20. This will prevent the loss of a page. After the estimate is 
completely taken off another man shall check it. When checked the estimate shall be extended 
by the checker, each sheet being immediately totaled up as extended. The extensions shall then 
be checked by the original estimator, who also prepares a summary. The summary is then 
checked by the checker and the estimate is complete. 

The estimate should be practically a condensed bill of material of the work, and should be 
so clearly made that a reference to the estimate will show at a glance the weight of all the principal 
pieces. Main and secondary trusses, main columns, girders, crane gitders, etc., for buildings; 
and trusses, girders, floorbeams, etc., for bridges should be taken off separately, thus—I truss, 
6 required—and shall not be mixed together even though the correct weight is obtained. In 
making an estimate the following order will be found convenient. 

1. MILL BUILDINGS.—Trusses.—Top chords, lower chords, web members, purlin lugs, 
gusset plates, connection plates, splice plates, eave strut connections, knee braces and knee 
brace connections. 

Ventilator Trusses.—Rafters, posts, web members, gusset plates, connections to trusses and 


purlin lugs. 
425 


’ 


"426 ESTIMATES OF STRUCTURAL STEEL. Cuap. XIII. 


Columns.—Column angles, web plate, base plate and angles, crane seat and cap. Base in- 
cludes anchor bolts. 

Crane Girders.—Flange angles, web plate, cover plates, end stiffeners, intépmediate stiffeners, 
fillers, knee braces and knee brace connections. Rails, splice bars, clips and crane stops. 

Miscellaneous.—Eave struts, lattice girders, purlins, girts, ridge struts, lower chord struts, 
column struts, rafter bracing, lower chord diagonals, reinforcing angles for purlins used as rafter 
struts, and sag rods. 

Miscellaneous Materials Not Structural Steel—Corrugated steel roofing and siding, louvres, 

flashing and ridge roll, gutters, conductors, downspouts, ventilators, stack collars. Windows, 
* doors, skylights, operating device, lumber, roofing, brick and concrete. 

2. OFFICE BUILDINGS.—Floorbeams, girders, including all their connections not riveted 
to other members. Floors should be estimated separately using a multiplier if two or more are 
exactly alike. 

Columns.—Columns including splices and connections riveted to the columns. If columns 
are of Bethlehem ‘‘H”’ sections, it should be so noted on the estimate summary. Estimate columns 
in tiers. 

Miscellaneous, such as suspended ceilings, galleries, penthouses, lintels, curb-angles, canopies, 
etc. 

3. TRUSS BRIDGES.—Truss members should be taken off separately in order that the 
estimate will show at a glance the weight of any main member. Never write off material for 
the trusses thus, ‘‘3—Truss—4 Req’d.” 
© Stringers; floorbeams; portals; sway trusses; upper laterals; lower laterals; shoes, masonry | 
plates, anchor bolts, etc. 

A convenient order can easily be arranged for other structures. 

INSTRUCTIONS FOR TAKING OFF MATERIAL.—Quantity estimates shall give the 
shipping weights, not shipping weights plus scrap. Pin plates, gusset plates, etc., shall be taken 
off as equivalent rectangular plates. Large irregular plates or small irregular plates which occur 
in larger numbers shall have the exact sizes shown in the estimate and should have their weights 
accurately calculated. All quantity estimates shall be made out with black drawing ink. 

The following colored pencils shall be used in estimating: 

Black.—In taking off quantities, all check marks on drawings or blue prints shall be made 
with a black pencil. 

Red.—In checking “quantities taken off ”’ all check marks on drawings, blue prints and 
data sheets shall be made with a red pencil. 

Blue.—Blue pencils shall be used for checking extensions, also for making notes, corrections, 
alterations or additions on white prints or tracings. 

Yellow.—All alterations, corrections or additions, on blue prints at the time of estimating 
shall be made with a yellow pencil. 

All notes on blue prints or drawings in regard to alterations, corrections or additions shall be 
dated and signed by the person in charge of the estimate. In general all work shall be taken off 
in feet and inches. Lengths of bolts shall be given in feet and inches. 

CLASSIFICATION OF MATERIAL.—In making the summary steel and iron should be 
classified as follows: 

Bars, including plates 6 in. wide and under, rounds up to 3 in. in diameter and squares up 
to 3 in. on a side. 

Plates (a) Flats over 6 in. wide up to and including 100 in., and 3 in. thick and over. 

(b) Flats over 100 in. wide up to and including 110 in. 
(c) Flats over 110 in. wide up to and including 115 in. 
(d) Flats over 115 in. wide up to and including 120 in. 
(e) Flats oe 120 in. 

(f) Plates 33 in. thick. 

(g) Plates $ in. thick. 
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(hk) Plates checkered. 
(i) Plates buckle. 
Angles (a) Having both legs 6 in. wide or under. 
(6) Having either leg more than 6 in. in width. 
(c) Having both legs less than 3 in. in width. 
Channels and I- Beams 
(a) Channels and beams up to and including 15 in. in depth. 
(b) Over 15 in. in depth. 

If Bethlehem sections are used distinguish between ‘Bethlehem Special I-Beams’” and 
“Girder Beams,” and also regarding depths as above. 

Zees. 

Tees. 

Rails (Separate rails under 50 lb. per yd., rails over 100 lb. per yd., and girder rails). 

Rail Splices. 

Iron Castings. 

Steel Castings. 

Nuts. 

Clevises and Turnbuckles. 

Pins, rounds from 3 in. diameter to 63 in. in diameter. 

Forgings, rounds over 62 in. in diameter. 

Bronze, Lead, etc. 

Rivets and Bolts. 

Rivet Heads.—Where the estimate is made from shop drawings the actual number of rivet 

heads shall be determined. The weight of rivet heads in per cent of the total weight of the other 
material is about as follows: Purlins, girts and beams, 2 per cent; trusses and bracing, 4 per cent; 
plate girders and columns of 4 angles and 1 pl., 5 per cent; plate girders and columns with cover 
plates, 6 per cent; box girders or channel columns with lacing, 7 per cent; trough floors, 8 to 10 
per cent. 

The rivet heads in highway bridges may be taken at 5 and 4 per cent of the total weight 
of steel exclusive of fence and joists for riveted and pin-connected trusses, respectively. 

Bolts are usually taken off in the estimate when they occur, and entered as rivets. When 
bolts are under 6 in. in length, include bolts under the item “Bolts and Rivets.’’ When over 
6 in. in length, put the bolts under “ Bars.” 

Miscellaneous Materials.— Corrugated Steel.—Always give the number of gage, whether 
painted or galvanized, and whether iron or steel. This remark also applies to louvres, flashing, 
ridge roll, gutters and conductors. State whether corrugated steel is for roofing or siding. Roofing 
shall be estimated in squares of 100 sq. ft., adding three feet on each end of building to the distance 
c. toc. of end trusses to allow for cornice. Allow one foot overhang at eaves. Siding shall be esti- 
mated in squares of 100 sq. ft., adding one foot at each end of building to allow for corner laps. 

Louvres shall be estimated in sq. ft. of superficial area, stating whether fixed or pivoted. 

Flashing shall be estimated in lineal feet and shall be taken off over all windows where corru- 
gated sheathing is used on the sides of building, and under all louvres and windows in ventilators. 

Ridge roll shall be estimated in lineal feet, adding one foot to the distance center to center 
of end trusses. Ridge roll is usually taken off the same gage as the corrugated steel roofing. 

Gutters and conductors shall be estimated in lineal feet, the conductors usually being spaced 
from 40 to 50 ft., depending upon the area drained. 

Circular ventilators shall be estimated by number, giving diameter and kind, if specified. 

Stack collars shall be estimated by number, giving diameter of stack. 

Windows shall be estimated in sq. ft. of superficial area, taking for the width the distance 
between girts. State whether windows are fixed, sliding, pivoted, counter-balanced or counter- 
weighted. State kind and thickness of glass and give list of hardware, and any thing else of a 
special nature. 
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Doors shall be estimated in sq. ft.; state whether sliding, lifting, rolling or swinging. Steel 
doors covered with corrugated steel shall be estimated by including the steel frame under steel 
and the covering with corrugated steel siding. State style of track, hangers and latch. 

Skylights shall be estimated in sq. ft., giving kind of glass and frames. 

Operating devices for pivoted windows or louvres shall be estimated in lineal feet. 

Lumber shall be estimated in feet, board measure, noting kind. Note that lumber under 
I in. in thickness is classified as I in. Above 1 in. it varies by 3 in. in thickness, and if surfaced 
will be 4 in. less in thickness, i. e., 12 in. sheathing is actually 13 in. thick, but shall be estimated 
as 12in. Lumber comes in lengths of even feet; if a piece 10 ft.-8 in. or 11 ft.—O in. is required, a 
stick 12 ft.-O in. long shall be estimated. In using lumber there is usually considerable waste de- 
pending upon the purpose for which it is intended. In estimating tongue and grooved sheathing 
10 to 20 per cent shall be added for tongues and grooves and from 5 to 10 per cent for waste, 
depending upon the width of boards and how the sheathing is laid. 

Composition roofing or slate shall be estimated in squares of 100 sq. ft., allowing the proper 
amount for overhang at eaves and gables and for flashing up under a ventilator or on the inside 
of a parapet wall. 

Tile roofing or slate shall be estimated in squares of 100 sq. ft., adding 5 per cent for waste. 
Include in an estimate for tile roof, gutters, coping, ridge roll, plates over ventilator windows and 
plates under ventilator windows, these being estimated in lineal feet. Flat plates for the ends 
of ventilators shall be estimated in sq. ft. ‘ “: 

Brick shall be estimated by number. For ordinary brick such as is used in mill building 
construction, estimate 7 brick per sq. ft. for each brick in thickness of wall, i. e., a 9 in. wall is two ° 
bricks thick and contains 14 brick for each sq. ft. of superficial area. 

Always note whether walls are pilastered or corbeled and estimate the additional amount of 
brick required. If walls are plain, no percentage need be added for waste, but if openings such 
as arched windows occur add from 5 to Io per cent. 

Concrete shall be estimated in cubic yards. Walls or ceiling of plaster on expanded metal 
shall be estimated in squares of 100 sq. ft., noting thickness and kind of reinforcement. Rein- 
forced concrete floors shall be estimated in sq. ft. of floor area, noting thickness and kind of rein- 
forcement. Paving of all kinds is estimated in square yards, but the concrete filling under the 
pavement itself is estimated in cubic yards. Concrete floor on cinder filling is usually estimated 
in square yards, specifying its proportions. 

ESTIMATE OF COST.—The different types of framed steel structures vary so much with 
local conditions and requirements that it is only possible to give data that may be used as a guide 
to the experienced estimator. The cost of steel frame structures may be divided into (1) cost of 
material, (2) cost of fabrication, (3) cost of erection, and (4) cost of transportation. 

1. Cost of Material.—The price of structural steel is quoted in cents per pound delivered 
f. o. b. cars at the point at which the quotation is made. Current prices may be obtained 
from the Engineering News, Iron Age or other technical papers. The present prices (1914) 
f. o. b. Pittsburgh, Pa., are about as follows: 


TABLES. 
PRICES OF STRUCTURAL STEEL (1914) F. 0. B. PITTSBURGH, PA., IN CENTS PER PouND. 


Price in Cts. 


Material. per Lb. 
I-beamisn18:insand=over :% fsii..s » a fs.a'e seeeiscatees wie aie Geen er 1.55 
Iebeamstand channels, 3hint tort 5)in. toes t en, ee neato 1.45 
THi-beamsjcover: 8 diet afistecersgeca a nace cd w ob law oes tele ae oe ee 1.60 
Angles; 3ine to:6:in. inclusive sv 4 leis: 2 ele ee eee 1.45 
Amigles SoVvietsO=ting 20s ea teh adis 2 Bh 3 Haaren ern NS a eT ee 1.50 
ZO@S 43 1M ANG OVEF hata iis Secu « pines S24 aceyese eh eee oe eee vee 1.45 


Angles, channels, and zees, under 3 in.....24...ot3 gee) a ee 1.40 


COST OF DRAFTING. 429 


Wecksheamearct Na ulin ANGIE op, mhateorn cet. otic cdtis A aicle ee sem ardd eos sOdenavegrasteeds 1.75 
Checkecredsandicomugated plates. «tr cto des os caisble «ale avs edie Slevg@ervele's 1.75 to 1.90 
fee eo aCHTULEL UL aly DASE L: tmnt aye ccly Citate see tralia « Gato ms ate. uated Fibers aletbn'<Nbo v atduvla& Sarita 1.40 
Ee ahomeane Gr ASGer ae ie ete tar Wises Sats Ghee rye ere bE oreo Ct OS bela bas cartebee 1.50 
Conca edacteclWNO,c2 2 MAalntedl ok seictaucrsie cis ersicelarsiewrsie oo slele »widiw Ualeelacitek 2.15 
SormmcatedssuccleNOs22 Calva nized Js. ,-.reventcia pichelsie avs arece sur deo big sols aovb ale nels gee 3.00 
Pi ems cece OSL ORICA Ta DLAC kc -cy are cPotrss Mats cists. cosvavexenees tl Gic aerels: atsveceminlear 1.90 
prcclcneetssNoswTOland. Il, ‘ealvanizedioc «<6 scis ck aero 4 de cates s.cav ae «acdeeaeen 2.35 
SSiREGI BES INS EMO EY ay aac = on Se Pe Reed A re eet phen a 2.10 
SHGE) GNSSTRY INOS GEN Chih 22.0 pie et ee on ee ee eae 2.95 
SBP RNG, ODES, aa dkkad daa ao RE SIOEe ee eee ee ae ee Ee oe 1.65 
SON, © Pee IE ER Spe os, grec, wecerdosie ae se o'8 4 wid 30% tga up san aadie sine ee 2.10 


COST OF FABRICATION OF STRUCTURAL STEEL.—The cost of fabrication of 
structural steel may be divided into (a) cost of drafting, (b) cost of mill details, and (c) cost of 
shop labor. 

(a) COST OF DRAFTING.—The cost of drafting varies with the character of the structure 
and with the shop methods of the bridge company. There are two general methods in common 
use for detailing steel structures, sketch details, and complete details (see Chapter XII). The 
cost of drafting varies with the method of detailing and the number of pieces to be made from 
one detail, and costs per ton may mean but little and be very misleading. The cost per standard 
sheet (24 in. X 36 in.) is more nearly a constant and varies from $15 to $25 per sheet. The 
following approximate costs, based on a total average charge of 40 cents per hour may be of value. 

Mill and Mine Buildings.—Details of ordinary steel mill buildings cost from $2 to $4 per 
ton; details for headworks for mines cost from $4 to $6 per ton; details for churches and court 
houses having hips and valleys, cost from $6 to $8 per ton; details for circular steel bins cost 
from $1.50 to $3 per ton; details for rectangular steel bins cost from $2 to $4 per ton; details for 
conical or hopper bottom bins cost from $4 to $6 per ton. 

Bridges.—Details of steel bridges will cost from $1 to $2 per ton where sketch details are 
used and from $2 to $4 per ton where the members are detailed separately. 

Actual Cost of Drafting.—The details of the Basin and Bay State Smelter, containing 270 
tons, cost $2 per ton. 

The costs of making shop details for steel structures as given in the Technograph No. 21, 
1907, by Mr. Ralph H. Gage, are given in Table II. 


TABLE II. 
Cost or SHOP DRAWINGS. 


Character of Building. Average Cost per Ton. 


Entire skeleton construction, i. e., loads all carried to the foundation by means 
@! Steal GoW 2 > coset acl Sa Oe Reena ear nore sinsc cee 
Interior portion supported on steel columns; exterior walls carry floor loads 
and their own weight 122 
Interior portion carried on cast iron columns; exterior walls support floor loads 
as well as their own weight........ 


$1.45 


0.70 


No columns and floorbeams resting on masonry walls throughout 0.85 


Structure consisting mostly of roof trusses resting on columns...........+.-. 2.47 
Structure consisting mostly of roof trusses resting on masonry walls gas 
Mill buildings 2.56 
Flat one-story shop or manufacturing buildings 0.74 
Tipples, mining structures or other complicated structures.........+.++4+5-- 4.88 
Malt or grain bins and hoppers : 
Remodeling and additions where measurements are necessary before details 

SHAS: IS WORE. uo ho S SOUS He de oe bc SIRE SIE aC OT Cae IIa are cara 1.87 


‘ 
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Mr. Gage makes the following comments on the cost of drafting: “The cost of drafting 
materials and blue prints was not included. There is always a noticeable decrease in cost of 
the details when the plans for the ironwork are made and designed by an engineer and separated 
from the general work. On the average it cost 35 per cent more to make shop drawings of the 
structural steel when the data were taken. from the architect’s plans than when the data were 
taken from carefully worked out engineer’s plans. Inaccurate plans where the draftsman is 
continually finding errors which must be referred to the architect materially increase the cost of 
shop drawings.” 

(6) COST OF MILL DETAILS.—If material is ordered directly from the rolling mill the 
price for the necessary cutting to exact length, punching, etc., is based on a standard “card of 
mill extras.” 


CARD OF MILL EXTRAS.—TIf the estimate is to be based on card rates it will be necessary 
to have the subdivisions a, b, c, d, e, f, r, etc., as follows: 

a = 0.15cts. per 1b. This covers plain punching one size of hole in web only. Plain punching, 
one size of hole in one or both flanges. 

b = 0.25cts. per 1b. This covers plain punching one size of hole either in web and one flange 
or web and both flanges. (The holes in the web and flanges must be of same size.) 

c = 0.30cts. per lb. This covers punching of two sizes of holes in web only. Punching of 
two sizes of holes either in one or both flanges. One size of hole in one flange and another size 
of hole in the other flange. 

d = 0.35cts. per lb. This covers coping, ordinary beveling, riveting or bolting of connection 
angles and assembling into girders, when the beams forming such girders are held together by 
separators only. 

e = 0.40cts. per lb. This covers punching of one size of hole in the web and another size of » 
hole in the flanges. 

f = 0.15cts. per lb. This covers cutting to length with less vibration than + 3 in. 

r = 0.50cis. per 1b. This covers beams with cover plates, shelf angles, and ordinary riveted 
beam work. If this work consists of bending or any unusual work, the beams should not be 
included in beam classification. 

Fittings.—All fittings, whether loose or attached, such as angle connections, bolts, separators, 
tie rods, etc., whenever they are estimated in connection with beams or channels to be charged 
at 1.55cts. per lb. over and above the base price. The extra charge for painting is to be added 
to the price for fittings also. The base price at which fittings are figured is not the base price of 
the beams to which they are attached but is in all cases the base price of beams 15 in. and under. 

The above rates will not include painting, or oiling, which should be charged:at the rate of 
0.tocts. per lb. for one coat, over and above the base price plus the extra specified above. 

For plain punched beams where more than two sizes of holes are used, 0.15cts. per lb. should 
be added for each additional size of hole, for example, plain punched beams, where three, sizes of 
holes occur would be indicated as: ¢ + 0.15cts., four sizes of holes; e + 0.30cts. For example: 
a beam with 3 in. and { in. holes in the flanges and 3 in. and 3 in. holes in the web should be 
included in class e. 

Cutting to length can be combined with any of the other rates, class d excepted, and would 
have to be indicated; for example: Plain punching one size of hole in either web and one flange, 
or web and both flanges, and cutting to length would be marked bf, which would establish a total 
charge of 0.40cts. per lb. : 

Note to class d.—No extra charge can be added to this class for punching various sizes of 
holes, or cutting to exact lengths; in other words; if a beam is coped or has connection angles 
riveted or bolted to it, it makes no difference how many sizes of holes are punched in this beam, 
the extra will always be the same, namely 0.35cts. When beams have angles or plates riveted to 
them, and same are not half length of the beam, figure the beams as class d, and the plates and 
angles as beam connections. 

Note to class r.—This rate of 0.50cts. per lb. applies to all the material making up the riveted 
beam. In case of assembled girders in which one of the beams should be classed as a riveted 
beam, in making up the estimate, figure only the beam affected as included in class ‘‘7.’” When 
beams have angles or plates riveted to them and same are half length or more than half length | 
of the beam, figure the beams as class ‘‘r,”’ including the plates or angles and rivets. When 
18 in., 20 in., or 24 in. beams are in ‘‘y’’ class keep the I’s separate from the material (plates, 
cast iron, separators, angles and rivets) which should go under heading, ‘‘15 in. I’s and Under.” 

Beams should be divided as 15 in. I’s and under, and 18 in., 20 in. and 24 in. I’s. If there 


ae only, one or two sizes of beams in any particular class, give exact sizes, instead of ‘15 in. I’s 
and Under. 
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In estimating channel roof purlins classify 7 in. channels and smaller as one punched; 8 in. 
channels and larger as two punched, unless they are shown or noted otherwise, and keep separate 
from other-beams. 


No extra charge can be added to curved beams for riveting, cutting to length, etc. 


Subdividing work into a large number of classes should be avoided; it is better to have too 
few classes, rather than too many. : 


The only subdivision necessary for cast iron columns are: I in. and over, and under 1 in. 
Columns with ornamental work cast on must be kept separate. 


Round and Square Bars.—In estimating round and square bars use the standard card for 
extras, Table III. Itis not usual to enforce more than one-half the standard card extras for round 
and square bars. 


Extras.—Shapes, Plates and Bars: 
(Cutting to length) 


indore seit ntOy zit MMClUSIVEr. 2 siete je5 sc oe ess ose ee ss nee tees 0.25 ct. per Ib. 
Riinclerp nt tretORlakte DCLUSIVEs co. o9 oro al wv eysew Gs sue selene Bi ohio 0.50 ct. per Ib. 
URGE f Ulex, oso aed Gace core Se Cece eee ee eee ee 1.55 ct. per lb. 


Extras—Plates (Card of January 7, 1902): 
Base { in. thick, 100 in. wide and under, rectangular (see sketches). 


Per 100 Lb. 
De Ua PAO PET OND Ca ta... Sika Tice es. cco es Gases tab ege 20 eee Meee $ .05 
TU ORTIME LOPE SSL IN ce Perey anc Nsk thence c.a sh etaeera ol ota ae sa eps Sen a ee .10 
FATS BU COMPIE2 Oct TD sete nce ce, ne Pate 2,0. 0 ghee s. aa seed © eteae ata RE eee 215 
PC OMUMLORU2 51 ereeeei ete cece «2's azaid Mtv els oo aa «eo aaceiele, oop A ena eae 25 
Pag US SLAG OMS A RR ROTO EARS PS SION IRANI EFS ILO .50 
vera a ORI eenegae ee erate re ee Ia eos cxie shake Were: «, aabsle ooo Gare On eee 1.00 
GaccuminMeie iu weO Ana Including soy UM... ca on o> naeent ea Oeste Ne ame e siete .10 
Gasca under, grin-to and ancluding NO. 8.0... ..c es. de ce eels ee eeinde amie enue 15 
(acecnuadem Norns covand including Now. 2. vs. s02%s ewes scloemmece se wuaees 25 
CGacessunudem Non coandiinciudine No. LO! . ... csis-+s steele 4 ino ok oie teenie: 30 
(CcaccmNGcmNO LOO and including No. 12... ..clotce es sees ae cee tetany ieee .40 
APEC LERCINCICS MIEN ett Gretey cia)scyesie sis ei Peer s'e e's 0 sie ism aie aos GeamtintepaeMecrena Daa .20 
OLIGIP GUNG! EWN GSE. Sos cake ict TIRE ION annonce A tty nic Obi eboney oes .10 
Milareirnes esnxal 19S TOD a5 6 4 iG ores ieee tts roe oh et ete .20 
(rclimamygSKECCHes aatercraiay als: ters <cnoisis se a eis « eueie's salad Sieve oie » aiabalate's cemiotete soles -10 


(Except straight taper plates, varying not more than 4 in. in width at ends, narrowest end 
not less than 30 in., which can be supplied at base prices.) 


TABLE III. 
STANDARD CLASSIFICATION OF EXTRAS ON IRON AND STEEL Bars.* 
Rounds and Squares. 
Squares up to 44 inches only. Intermediate sizes take the next higher extra. 


Per 100 Lb. 
6 TN 8 db ADS Gun SEL ns anna een enn ences omni ne Soon eon Ic Rates. 
RU Oe Ne MR I eT oS ays, slg ig dake gle. balbigye WSiekere eget «Brel mun tele oMaclane G $0.10 extra. 
8 16 6 
4 to 7% ER Se re RS re 2 Aas dhe, Sah iane aid Mure yavieiig alee as aroun emia eeevens .20 
(BY Siuy | 9) ds 2 ONC CP CRD SCD ed eC SCONCE ORCC , 
t NENT 5 cais, Sst aici) ara agli o's e.e apaee! algh shai a eM ORR Oe .40 
ss Et Ore eh cere ci arate tins 4.0 is dean Chose Rneney Sint suatevavteuetes aug 25 OF a 
a SAAC [70s 
Oo AES Se Oe lush & SIG Dicer enc iis eC a a i 
z a Is OR RIES 6 68h St vd ara. o: a's lace, sualiatelarebavalave @tetlele alti aye: » 1.00 
ETC Me ee OA SR GES cic co Slavievav sale, 6he Gis ale, nelle tehnabarals 
*, SS Nc a we oa vag ita Dory. wt 
ta a ads oa x ecu eco oie gue noe wenn catiae OXey 
16 A rp RE POU ORE ETO a ae ar : re 
375 to 33 ae ee ener Se eeMie) alchici'e sha) (sie) 91.0110). vorelis, she pe 1ah0) 06, 8\t@ 0.0.6. )6. 41 (6.4 16. 8,628) (6,.0 18/10) fo) celia, ie cei" aus 


* This classification has been quite generally adopted, although several firms issue a special 
card of extras. 
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TABLE III.—Continued. 
STANDARD CLASSIFICATION OF ExTRAS ON [RON AND STEEL BARs. 
Flat Bars and Heavy Bands. 


5 1) igen ee Gna are ey ere Baron ingore nts Sa ie eA oes Abr hrc duke Oo Gaui .25 extra. 
Gre CON SME ee ee Tee g seen ste eo eee rss ahaa eee ee 5 ti 
4i¢ to 45 eee eee nee e rete eee enna nt ee ce te een rates inane oe - 
Pe 1 Ua a ae eee ara eta tort. Peer ok AN Ar tir, Sint) wea 4 z 

z ei ee Ee eran M ree oe twine aA Sie tO clan Lact inn © 50 
58 tO SR eee ieee eee eee eee eens 
VBE EON OW | Mer er sei sitiel siete ac stata ils oe le bah ctdlateng ttt P91 OX setae ngewe ag aM otc el net ne oer eee 75 

sé 
GPS LOMO Ry Fa os A pholspadereeeaeds satay dh andl corm ete db eee sPagage aie oe aR eee 1.00 © 
Gas orks fanaa a eee EP eRe Mt MEN rm Tr ase Ora t omiip a0'0,b'7 6 Mer ae 
Flat Bars and Heavy Bands. 
‘ _ Per 100 Lb. 
Te) §tonGy Himes tor : in i on a RE MON ir enh Sadie ade ge vos Rates. 
ie BtOMO mre ea and oa Core e tees teeter ees Pe ee peta oc $0.20 extra. 
SE Oum tir tS SLO rrp 8 vies s-sile din ve mons oie. ile gece eke = ee akc RSI ae 40 7 
Be ole eS IE Gee ae Ie nr Mar Ie ERE SA And God ows 6 SOc ae 
‘ 

andes <5 tO % as pees ae, a me, 

qzand 3% “ X4and TS crt reeset este e este beeen eee eres e eens 70% 

4 = xX 2 and AO itt ere erred eaten net eens eee cun esas es go 

4 é x a and +5 DUD ete eee see ness see ese ee etse errs ere eeees TiO, bs 

is ae Te bide at ere bna. ge eicalio-e 'svosa tosis vee SUC Oe Ee rr rr 1.00 | 

iG BOAT ease Sv duocitaa 4 cecsl « tyoce de deoe sie lee ee 1.20 

16 ip z ue “a g Fi 

3 Moe Bid Te wo ee es a ov bee Gee bien, one gee 1.50 © 
Ey to>6 in xX i to lig UM eee terete etter teeters 10Se 
1% to 6 <14 to 15 ROD Eppes tes eee er ener er esse er eee tee nescence es 200% 
12 eto O a STs - to. 24 Hennes t eee e eet etee pete eset tees ees 300 8 
ONO eX he LO Al i hl Sa ealllsckso.e) bimceale s0)0 nt oye Re -40 

Light Bars and Bands. . 

3 Per 100 Lb. * 
pi egto-6-. in Nos.7, 8, 9.and ay in... 240s 2, es ee $0.40 extra. 
Ts eetorO! Baile MUN OS.-10,- EL, <1 2. and FIN... o's 4. 2 ehcn cuit sore ee eae .60 . 

: E : 
I to Iz in. X Nos. 7, 8,9 and qin. e. oii «Fos seers ae eae “SOLES 
I COMUs eT ONOS.. TO, TTY 12 and F710. c .. 5. Wises w caioia erence -70 < 

13 to i in. X Nos. 7, 8,9 and 35 Ils. 5 o-sP oie t weiciane 019 Dione aod eee ee .70 : 

Pesan ese wii WN OSs TO: RD, 12 andy Ah. ec. cis: cre) Coote eg Sea Ne ee 80 

qpand 2m. X.Nos. 7, 8,.0:.and Ye ite. 5 iss ecg ee se ewe ean ete TOO ae 

SANG ea NOSE TOIT, 12. ANd. iNeg.. spn os se esate. wie, 2 dae RRR eee 120m 

gs and 3 in. X Nos. 7, 8, 9 and x UM o's gu ss aie SO So enw 1.20 ia 

apande gn. 6 Nos: £0; 11,12 and § ils. .06 4:5). <ws aka «ae E30 mess 

4 X Nos. 7, 8, 9 and 35 ccc cee 1.30 4 

4 XC INGS33bO; Tye l 2: An Fite evs fore. c cre oe oc enaa cee: eee 1.50 

a SGIN Gs 2275 28 1Qcamd sae sim OE e's sue + cies s05 ye eetes crore et ene 1.80.25 

ae KENOSA TO; 1.0, 12 aind 3%. Utsoc), cha Shouse ces, bi oroyons) ol oe area eee 2.0 Olas 

3 X Nos. 7, 8, 9 and 35 UM eee eee eee eee ee eee eee ence eens 1.90 3 

3 XeNOSH LO, LE;.¥2 ANG FIs. | fol. wie sede rst ah a 2.40 
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Mill Orders.—In mill orders the following items should be borne in mind. Where beams butt 
at each end against some other member, order the beams 4 in. shorter than the figured lengths 
this will allow a clearance of 3 in. if all beams come ? in. too long. Where beams are to be built 
into the wall, order them in full lengths, making no allowance for clearance. Order small plates 
in multiple lengths. Irregular plates on which there will be considerable waste should be ordered 
cut to templet. Mills will not make reentrant cuts in plates. Allow } in. for each milling for 
members that have to be faced. Order web plates for girders 1 to } in. narrower than the distance 
back to back of angles. Order as nearly as possible every thing cut to required length, except 
where there is liable to be changes made, in which case order long lengths. 

It is often possible to reduce the cost of mill details by having the mills do only part of the 
work, the rest being done in the field, or by sending out from the shop to be riveted on in the field 
connection angles and other small details that would cause the work to take a very much higher 
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price. Standard connections should be used wherever possible, and special work should be 
avoided.—For additional notes on ordering material, see Chapter XII. 

In estimating the cost of plain material in a finished structure the shipping weight from the 
structural shop is wanted. The cost of material f. o. b. the shop must therefore include the cost 
of waste, paint material, and the freight from the mill to the shop. The waste is variable but 
as an average may be taken at 4 per cent. Paint material may be taken as two dollars per ton. 
The cost of plain material at the shop would be 


Average cost per lb. f..0. b. mill, say...............-- : Be ete Mereee aveysue Rieter 1.75 cts. 
POCA SECO TE OMAW ASL Catteries ase lace 6 ang, < eveiertie nie los + go epsievre wives HEE Oe LiF. 
Pvddiep2roo. penton Onpaint MALETIAL. . ..F ..cj..06 ons seven Seow ces weklr ec eedees aT OF 
Pdastreisht trom millito-shop: (Pittsburg to: St. Louis); <0. ...:t...<40ee.e-- 20s 
MoralvCosEepempOUNG ton D: SHOP. c essa avec foctans ss tuhee cos oomitee 2.145" 


To obtain the average cost of steel per pound multiply the pound price of each kind of material 
by the percentage that this kind of material is of the whole weight, the sum of the products will 
be the average pound price. 

(c) COST OF SHOP LABOR.—The cost of shop labor may be calculated for the different 
parts of the structure, or may be calculated for the structure as a whole. The following costs 
are based on an average charge of 40 cents per hour and include detailing and shop labor. The 
cost of fabricating beams, channels and angles which are simply punched or have connection 
angles loose or attached should be estimated on the basis of mill details, which see. 

SHOP COSTS OF STEEL FRAME BUILDINGS.—The following costs of different parts 
of steel frame office and mill structures are a fair average. 

Columns.—In lots of at least six, the shop cost of columns is about as follows: Columns 
made of two channels and two plates, or two channels laced cost about 0.80 to 0.70 cts. per Ib., 
for columns weighing from 600 to 1,000 lb. each; columns made of 4 angles laced cost from 0.80 
to I.10 cts. per lb.; columns made of two channels and one I-beam, or three channels cost from 
0.65 to 0.90 cts. per lb.; columns made of single I-beams, or single angles cost about 0.50 cts. per 
lb.; and Z-bar columns cost from 0.70 to 0.90 cts. per Ib. 

Plain cast columns cost from 1.50 to 0.75 cts. per lb., for columns weighing from 500 to 2,500 
Ib., and in lots of at least six. 

Roof Trusses.—In lots of at least six, the shop cost of ordinary riveted roof trusses in which 
the ends of the members are cut off at right angles is about as follows: Trusses weighing 1,000 Ib. 
each, I.15 to 1.25 cts. per lb.; trusses weighing 1,500 lb. each, 0.90 to 1.00 cts. per Ib.; trusses 
weighing 2,500 Ib. each, 0.75 to 0.85 cts. per lb.; and trusses weighing 3,500 to 7,500 lb. 0.60 to 
0.75 cts. perlb. Pin-connected trusses cost from 0.10 to 0.20 cts. per lb. more than riveted trusses, 

Eave Struts.—Ordinary eave struts made of 4 angles laced, whose length does not exceed 
20 to 30 ft., cost for shop work from 0.80 to 1.00 cts. per lb. 

Plate Girders.—The shop work on plate girders for crane girders and floors will cost from 
0.60 to 1.25 cts. per lb., depending upon the weight, details and number made at one time. 


TABLE IV: 


SHop Cost of CIRCULAR AND RECTANGULAR BINS AND STAND-PIPES, NOT INCLUDING 
Hoprers OR BOTTOMS. 


Shop Cost in Cents per Lb. 


Thickness of Metal, In. 
Water Tight. 


0.90 


0.85 
0.80 


0.75 


‘ 
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SHOP COSTS OF BINS AND STAND-PIPES.—Shop costs for circular and rectangular 
bins and stand-pipes are given in Table IV, while shop costs for bin and elevated tank bottoms 
are given in Table V. The shop cost of towers for elevated tanks are given in Table VI. 


TABLE V. 
SHop Cost or BoTroMs FOR CIRCULAR AND RECTANGULAR BINS AND STAND-PIPES. 


Thickness of Material, | Flat Bottom, Cents} Spherical Bottom, Conical Bottom, Cents | Hopper Bottom, Cents 
Fi per Lb. Cents per Lb. Lb per Lb. 


1.50 4.00 2.50 


1.45 4.15 ‘ 2.40 
1.40 4.40 3 DOs 
125 4.50 


TABLE VI. 
SHorp Cost OF TOWERS FOR ELEVATED TANKS AND BINS. 
Shop Cost in Cents per Lb. 


Weight of Tower and Bracing in Lb. 
Adjustable Bracing. Riveted Bracing. 


10,000 and less . 1.20 
OCC) TASC, oN Ga Gis cS EO eerie : 1.10 
20,000 to 50,000 : 1.05 
50,000 and up : 1.00 


SHOP COSTS OF INDIVIDUAL PARTS OF BRIDGES.—The cost of fabricating joists 
and other similar members should be estimated on the basis of mill details, which see. 

Eye-Bars.—The shop cost of eye-bars varies with the size and length of the bars and the 
number made alike. The following costs are a fair average: Average shop costs of bars 3 in. and 
less in width and # in. and less in thickness is from 1.20 to 1.80 cts. per lb., depending upon the 
length and size. A good order of bars running 23 in. X 3 in. to 3 in. X 2 in., and from 16 to 20 
ft. long, with few variations in size, will cost about 1.20 cts. per lb. Large bars in long lengths 
’ ordered in large quantities can be fabricated at from 0.55 to 0.75 cts. per lb. To get the total cost 
of eye-bars the cost of bar steel must be added to the shopcost. Half card extras given in Table 
III should ordinarily be added to the base price of plain steel bars. 

Chords, Posts and Towers.—In lots of at least four, the shop cost is about as follows: Members 
made of two channels and a top cover plate with lacing on the bottom side, or two channels laced 
on both sides cost about 1.00 to 0.85 cts. per lb. for pin-connected members weighing from 600 
to 1,500 lb.; and about 0.80 to 0.70 cts. per lb. for members with riveted end connections. Mem- 
bers made of four angles laced cost from 0.80 to 1.10 cts. per Ib. for members with riveted ends. 
Members made of two angles battened will cost about 0.50 cts. per lb. Angles used without end 
connections should have their cost estimated on the basis of mill details, which see. 

Pins.—The cost of chord pins will vary with the size, number and other requirements. The 
shop cost of chord pins and nuts may be estimated at from 2.00 to 3.00 cts. per lb. Rollers will 
cost practically the same as pins. Rolled rounds (pin rounds) are used for making pins and 
rollers. 

Latticed Fence.—The shop cost of light simple latticed fence made of two 2 in. X 2 in. 
angles, with double lacing and about 18 in. deep, will be about 2.00 cts. per Ib.; while the shop 
cost of latticed fence, with ornamental rosettes or ornamental plates, may be as much as 4.00 to 
5.00 cts. per lb. ‘ 

Floorbeams and Stringers.—Plate girders used for floorbeams and stringers will cost from _ 
0.60 to 1.25 cts. per Ib. depending upon the weight, details and number made at one time. Floor- 
beams made of rolled I-beams will cost from 0.50 to 0.75 cts. per lb. 
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SHOP COSTS OF BRIDGES AS A WHOLE.—The cost will be taken up under the head — 
of pin-connected bridges, riveted bridges, plate girder bridges, combination bridge metal, and 
Howe truss metal. 

Shop Costs of Pin-connected Bridges.—The shop costs of pin-connected highway or railway 
bridges, exclusive of fence and joists, are about as follows: 


Eacas Weisner OOONDMaAnNC less tes enitnn. meee ec em nen 1.30 cts. per lb. 
- OMe CME EOC LD arc ede tans enews esa) woe oi Sicha shea Te Oat aaa 

5 7 FOO LON 20,000 LD tats Le oot os tc cttnanane ae oad TOO a sR ios 

, : POOL IEAO 000 ID. ne ot ts cit he'ng stent evel Meee, 0.90) eee | 

“ a BROT On 0, O00 1D Sanat cust Sunene bie « Be tem oe ke O, SO Sa ame 

eo a" AIRMPORTONTOO.000 Ie ot so Gvietels «ven Pal eu ne es oe Ook ee 

" wb LOO OOGRCOLLS Of000) [De ae. 9 «ite ae coe teen SC eee O70). uae 

* RESO, OOO RRC: Ciclo ns fr vv us Se ces oe ge etien 0.65 te ee 


These costs include detailing and one coat of shop paint. 


For reaming add 0.15 cts. per Ib. 


Shop Costs of Riveted Truss Bridges.—The shop costs of riveted truss highway or railway 
bridges, exclusive of fence and joists, are about as follows: 


Beidges weighing 


These costs include detailing and one coat of shop paint. 


“ac 


SOU ARA NESS ce ages yee cosioa se eRe ee eee 1.15 cts. per lb. 

5 OOONLO I LO;OOOID: Bi. 27. shste cltea < oisiecsicss Se ites TOONS eee ee 
EO;OOOr. ON 20;000) Liye 5s eret- tet ei ur ee O:00789 ie ee 
ZOOOOM OM 40; O00Ds cnc aca, Gees ae oso - Hite nee eee 0.85nns oe eee 
AM OOOO OO;0O0 AD ster tie, cia etatahalt- ce) hele revc hat leet aera OL7 5 De eae ae 
SO;O0OHL ONT OO; 000) Ibm tia ents sta ee ere O27 Oe en pees 
KOTYOTS) WS) TOK Coe Lo Sei comiaainon ae Gaba eb Oss O65 pase jel 
5 Os OOO rac U Pia cs ozsleyeteiisieveis ecole" ow: omsovedti niet ote stout Og 8 6 & 


For reaming add 0.15 cts. per lb. 


Shop Costs of Plate Girder Bridges.—The shop costs of plate girder highway or railway 
bridges, exclusive of fence and joists, are about as follows: 


Spans weighing 10,000 lb. 


4“ 


These costs include detailing and one coat of shop paint. 


a“ 


“ce “c 


4c “cs 


aATICWLESSiak: hes, TER GRR EE. SEER oe eee 0.90 cts. per Ib. 
KO TOOOMM OE 20;000' lo eiaistet aie ws.c eg oo 2 are vere ce 0:85 ie 
BOvOOORONYA 1000) 1D aes NONE TA eRe Re as eee ee O75 0— 
AO OOOst OmmOO; OOOH DS aiokaf ted oma aim winishelats Sei heme atte Or7Ome 
OOLOCONEORLOO OOOUID! ss scutes os Fo ihe eee we 0.60 “ 
LOOOOOWANALUIP heres ie Sane eh aa ba eee tnd le cme nde 0.50 “ 


For reaming add 0.15 cts. per lb. 


Shop Costs of Tubular Piers and Culverts.—The shop costs of steel tubular pier shells and 


steel culvert pipe are about as follows: 


Tubes 18 in. to 24 in. diameter, 
24 in. to 30 in. diameter, 
30 in. to 48 in. diameter, 
48 in..to 72 in. diameter, 


bb 


The above shop costs include detailing and one coat of shop paint. 


72 in. and up 


lo RIM I IR le 


in. 
in. 
in. 
in. 
in. 


and rods for tubular piers are included. 

Shop Cost of Combination Bridge Metal.—Where the bars and rods are standard and the 
castings are made from standard patterns, the metal for combination bridges can be fabricated 
at about the same cost per pound as for pin-connected spans weighing the same as the weight of 
the metal in the combination bridges. 


metalic eecene eee eee eee 1.00 cts. per Ib. 
COrgpimemetaliver see water OW TOMER 
LONPotmImetall ae setlists cee OO WCHE®. 
EOmpMMy Metals ate eve elMera OL65 60 0550 ees 
Cone ine metalenee dcr (0:50) 010545 jens es eee 


The necessary bracing 


‘ 
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Shop Cost of Howe Truss Bridge Metal.—The shop cost of highway bridge castings made 
from standard patterns, is from 1.50 to 2.00 cts. per Ib. The shop costs of the plates, rods and 
other miscellaneous iron work will be from 2.00 to 2.50 cts. per Ib. 

COST OF ERECTION OF STEEL FRAME OFFICE AND MILL BUILDINGS AND 
MINE STRUCTURES.—In estimating the cost of erection of structural steel work it is best to 
divide the cost into (a) cost of placing and bolting steel, and () cost of riveting. The cost will 
be based on labor at an average price of $3.20 per day of 8 hours or 40 cts. per hour. 

(a) Cost of Placing and Bolting.—The cost of placing and bolting mill buildings for ordinary 
conditions may be estimated at from $6.00 to $8.00 per ton. The cost of placing and bolting up 
steel office buildings may be estimated at from $5.00 to $9.00 per ton. The cost of placing and 
bolting up steel bins may be estimated at from $10.00 to $15.00 per ton. The cost of placing 
and bolting up head frames may be estimated at from $12.00 to $18.00 per ton. 

(b) Cost of Riveting.—It will cost from 6 to Io cts. per rivet to drive 3 or } in. rivets by 
hand in structural framework where a few rivets are found in one place. A fair average is 7 cts. 
per rivet. The same size rivets can be driven in tank work for from 4 to 7 cts. per rivet, with 
5 cts. per rivet as a fair average. 

The cost of riveting by hand is distributed about as follows: 


3 men, 2 driving and 1 bucking up, at $3.50 per day of 8 hours................ $10.50 
rivet sheater at $3.00.per day of 8-hours: sy <..a. tncteaie ae eee ae eee eee 3.00 
Coals toolsmsuperintendences ic 6.05 ,5 oc oe < 2 «sey eteleie Motch chet Ree eee eee 1.50 

Motalsper days.’ cisisio.niaicieinie jens ooo pieiarein ne Gus. afete re Lele. «Siete eee tea ene $15.00 


On structural work a fair day’s work driving $ in. or 3 in. rivets will be from 150 to 250, 
depending upon the amount of scaffolding required. This makes the total cost from 6 to 10 cts. 
per rivet. ; 

On bin work when the rivets are close together and little staging is required the gang above 
will drive from 200 to 400 rivets per day. This makes the total cost from about 4 to 7 cts. per rivet. 

Rivets can be driven by power riveters for one-half to three-fourths the above, not counting 
the cost of installation and air. The added cost for power and equipment makes the cost of 
driving field rivets with pneumatic riveters about the same as the cost of. driving field rivets by 
hand. 

Soft iron rivets $ in. and under can be driven cold for about one-half what the same rivets 
can be driven hot, or even less. 

Cost of Erection.—Small steel frame buildings will cost about $10.00 per ton for the erection 
of the steel framework, if trusses are riveted and all other connections are bolted. The cost of 
laying corrugated steel is about $0.75 per square when laid on plank sheathing, $1.25 per square 
when laid directly on the purlins, and $2.00 per square when laid with anti-condensation lining. 
The erection of corrugated steel siding costs from $0.75 to $1.00 per square. The cost of erecting 
heavy machine shops, all material riveted and including the cost of painting but not the cost of 
the paint, is about $8.50 to $9.00 per ton. Small buildings in which all connections are bolted 
may be erected for from $5.00 to $6.00 per ton. The cost of erecting the structural framework 
for office buildings will vary from $6.00 to $10.00 per ton. 

Actual Costs of Erection.—The cost of erecting the East Helena transformer building, 1897, 
was $12.80 per ton, including the erection of the corrugated steel and transportation of the men. 
The cost of erecting the Carbon Tipple was $8.80 per ton, including corrugated steel. The cost 
of erection of the Basin & Bay State Smelter was $8.20 per ton, including the hoppers and corru- 
gated steel. 

The cost of erecting the structural steel work for the Great Northern Ry. Grain Elevator, 
Superior, Wisconsin, was $13.25 per ton including the driving of all rivets. There were 10,600 
tons of structural steel work, and 2,000,000 field rivets, or nearly 200 field rivets per ton of struc- 
tural steel. 


COST OF ERECTION OF STEEL BRIDGES. 437 


Erection of Structural Steel for an Armory.*—The structural framework for the new armory 
of the University of Illinois, consists of three-hinged a.ches having a span of 206 ft., and a center 
height of 94 ft.3 in. The arches are spaced 26 ft. 6 in. centers ant are braced in ibe The total 
weight of structural steel was 985 tons, and contained 15,400, } in. and 14,900, 3 in. or a total of 
30,300 field rivets. The cost of erecting the structural steel, including field riveting was $9.55 
per ton. The average cost of driving the field rivets was 13.1 cts. each. 

COST OF ERECTION OF STEEL BRIDGES.—The cost of erection ordinarily includes: 

(1) the cost of hauling the bridge to the bridge site; (2) the building of the falsework and the 
placing of the steel in position; (3) the riveting up of the bridge, and (4) painune the steel and 
the woodwork. 

Hauling.—Transportation over country roads will ordinarily cost about 25 cts. per ton- 
mile, in addition to the cost of loading and unloading. In estimating the cost of hauling on any 
particular job the length of haul, kind of roads, price of teams and labor, and the character of 
the teams should be considered. The cost of loading on the wagons and unloading will depend 
upon the local conditions, but will ordinarily be from 25 to 50 cts. per ton. For railroad bridges 
the steel work may ordinarily be brought directly to the site by rail. 

Falsework.—If piles are to be used the cost should be carefully estimated. The cost of the 
piles in place will vary with the cost of piles and local conditions. Under ordinary conditions 
piles in falsework will cost ftom 25 to 50 cts. per lineal foot in place. The cost of the timber will 
depend upon local conditions and upon what use is made of it after erection. The flooring plank 
in highway bridges, and ties and guard timbers in railway bridges can often be used in the false- 
work without serious injury. The cost of erecting the timber in the falsework will ordinarily be 
from $6.00 to $8.00 per thousand ft. B. M. 

Erection of Tubular Piers.—The cost of setting tubular piers for highway bridges will depend 
upon the conditions. Tubes 36 in. in diameter and 20 ft. long have been set in favorable locations 
for $25.00 per pair, not including the driving of the piles or the placing of the concrete. It is, 
however, not safe to estimate the cost of setting tubes from 36 to 48 in. in diameter under even 
favorable conditions at less than $2.00 per lineal foot of tube. When the cost of setting tubes is 
éstimated by weight, it should be figured at from $15.00 to $20.00 per ton, for ordinary conditions. 
It will commonly cost from 25 to 50 cts. per lineal ft. to drive piles in tubes, in addition to the cost 
of the piles, which will vary from 10 to 20 cts. per lineal foot. The concrete will commonly cost 
from $6.00 to $8:00 per cu. yd. in place in the tube. 

Placing and Bolting.—The cost of placing and bolting up riveted highway spans, and erecting 
pin-connected highway spans, no rivets being driven, is about as follows: 


sichway SEAMS TEL Ot MEs OM’ OMEOO) L's 5, o.oo) 2.4 sta.» ecetov ore ionsystehayens $12.00 to $15.00 per ton. 
eS OO LEO TOO} LE Asi Re) x ayers lola oy pre totorohasaversie TO:00°tOn 12:00, sees 
sky os BEE LOOLCORLSO Lb seaucagsseyeicsy sme S ake, ales aie ska s G.00;t ONT TO.00 menue 
ss td TES ORE eA TIGA De acy ats aa peParons ez nieve, ohausYelorotewene 8.00 a tee 


The cost of placing and bolting up railroad spans will depend so much upon the local con- 
ditions and equipment that it is difficult to give general costs. 

The cost of driving field rivets in pin-connected spans will vary from 7 to 12 cts. per rivet, 
while the cost of driving field rivets in riveted trusses will vary from 6 to 10 cts. per rivet. The 
number of rivets in riveted low truss highway bridges depends upon the number of panels and 
the style of details, and will be about 155 to 200 for a three-panel bridge, and 400 to 500 for a 
six-panel bridge. The number of rivets in through riveted highway bridges will be about 250 to 
300 for a four-panel bridge, and 1,300 to 1,500 for a nine-panel bridge. Pin-connected bridges 
ordinarily have about } to 4 as many field rivets as a riveted bridge of similar dimensions. 

The approximate number of field rivets in single track railway bridges, designed for E 55 
loading, are given in Table VII. 


* Engineering and Contracting, Aug. 6, 1913. 


’ 
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| TABLE VII. 


NUMBER OF FIELD RIVETS IN RAILWAY BRIDGES, SINGLE TRACK, E 55 LOADING. 
(HARRIMAN LINES.) 


Plate Girders. Through Truss Bridges. 


Deck. Through. : Riveted. Pin-Connected. 


Number of Span, Ft. Number of Span, Ft. Number of Span, Ft. ee coe 


Fieid Rivets. Field Rivets. Field Rivets. 


The field rivets on the 20th St. Viaduct, Denver, Colorado, cest 7 cts. each. The rivets 
were driven by air riveters- 

Actual Costs of Erecting Railway Bridges.—The cost of erecting railway bridges on the A. T. 
& S. F. Ry. in 1907 are given in the report of the Assoc. of Ry. Supt. of B. & B. as follows:— 

Trusses, 984 tons erected, cost $4.63 per ton. 

Plate Girders, 2,784 tons erected, cost $5.49 per ton. 

I-Beams, 2,837 tons erected, cost $2.88 per ton. 

All girders and I-beams were erected with a steam wrecker and the through spans with a derrick 
car. .The reason for the plate girders costing more to erect than the through trusses was that 
many of the plate girders were on second track where the old girders had to be cut apart and moved 
to the outside and heavier girders put in their place. All rivets were driven by hand. For addi- 
tional examples of actual costs, see Gillette’s “‘Cost Data.” 

Transportation.—Fabricated structural steel commonly takes a ‘‘fifth-class rate’’ when 
shipped in car load lots, and a ‘‘fourth-class rate’? when shipped “‘local”’ (in less than car load 
lots). The minimum car load depends upon the railroad and varies from 20,000 to 30,000 Ib. 
Tariff sheets giving railroad rates may be obtained from any railroad company. The shipping 
clerk should be provided with the clearances of all tunnels and bridges on different lines so that 
the car may be properly loaded. 

Freight Rates.—The freight rates (1913) on finished steel products in car load shipments from 
the Pittsburgh District, including plates, structural shapes, merchant steel and iron bars, pipe 
fittings, plain and galvanized wire, nails, rivets, spikes and bolts (in kegs), black sheets (except 
planished), chain, etc., are as follows, in cts. per 100 lb. in carload shipments; Albany, 16; Buffalo, 
11; Boston, 18; Baltimore, 143; Cleveland, 10; Columbus, 12; Cincinnati, 15; Chicago, 18; Denver, 
Colo., 85%; Harrisburg, 144; Louisville, 18; New York, 16; Norfolk, 20; Philadelphia, 15; Rochester, 
11%; Richmond, 20; Scranton, 15; St. Louis, 23; Washington, 144. 

COST OF PAINTING.—The amount of materials required to make a gallon of paint 
and the surface of steel work covered by one gallon are given in Table VIII. Structural steel 
should be painted with one coat of linseed oil, linseed oil with lamp-black filler, or red lead paint 
at the shop; and two coats of first-class paint after erection. The two field coats should be of 
different colors; care being used to see that first coat is thoroughly dry before applying the second 
coat. Steel bridges and exposed steel frame buildings ordinarily require repainting every three 
or four years. 

The steel work in the extension to the 16th St. Viaduct, Denver, Colo., was painted with red 
lead paint mixed in the following proportions,—100 Ib. red lead, 2 Ib. lamp-black and 4.125 gallons 
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of linseed oil. This mixture made 6 gallons of mixed paint of a chocolate color, and gave 1.455 
gallons of paint for each gallon of oil. 


TABLE VIII. 
AVERAGE SURFACE COVERED PER GALLON OF PAINT. 
PENcoypD HANpD Book. 


Volume and_ 
Pounds of Weight of Square Feet. 


Volume of Oil. Bisments Paint. 


I Coat.|2 Coats. 


Iron oxide (powdered) F 8.00 : : 600 | 350 


Tron oxide (ground in oil) f 4 F : 630 
Red lead (powdered). . A ace ee ; : : : 630 
White lead (ground i in oil)... SA Ec RE : ; 5 ; 500 
Graphite (ground in oil) j ‘ : : 630 
Black asphalt . (turp.) ; 5 3 515 
Winseed oil (nospigment):. .......4.002.00-- ik 875 


Light structural work will average about 250 sq. ft., and heavy structural work about 150 
sq. ft. of surface per net ton of metal, while No. 20 corrugated steel has 2,400 sq. ft. of surface. 

It is the common practice to estimate 3 gallon of paint for the first coat and 2 gallon for the 
second coat per ton of structural steel, for average conditions. 

The price of paint materials in small quantities in Chicago are (1914) about as follows: 
Linseed oil, 50 to 60 cts. per gal.; iron oxide, I to 2 cts. per lb.; red lead, 7 to 8 cts. per Ib.; white 
lead, 6 to 7 cts. per lb.; graphite, 6 to Io cts. per lb. 

A good painter should paint 1,200 to 1,500 sq. ft. of plate surface or corrugated steel or 300 
to 500 sq. ft. of structural steel work in a day of 8 hours; the amount covered depending upon the 
amount of staging and the paint. A thick red lead paint mixed with 30 lb. of lead to the gallon 
of oil will take fully twice as long to apply as a graphite paint or linseed oil. The cost of applying 
paint is roughly equal to the cost of a good quality of paint, the cost per ton depending on the 
spreading qualities of the paint. This rule makes the cost of applying a red lead paint with 30 Ib. 
of pigment per gallon of oil from two to three times the cost of applying a good graphite paint, 
per ton of structural steel. For additional data on paints, see Chapter XV. 

MISCELLANEOUS COSTS.—tThe following approximate costs will be of value in making 
preliminary estimates. The cost of construction depends so much upon local conditions that 
average costs should only be used as a guide to the judgment of the engineer. , 

MILL BUILDING FLOORS.—The following costs are for floors resting on a good compact 
soil and do not include unusual difficulties. 

Timber Floor on Pitch-Concrete Base.—The cost varies from about $1.25 per sq. yd. for a 
2-in. pine sub-floor and a $-in. pine finish, to about $1. 75 per sq. yd. for a 2-in, pine sub-floor and a 

$-in. maple finish. 

Concrete Floor on Gravel Sub-base.—The cost varies from $1.25 to $2.00 per sq. yd. 

Creosoted Timber Block Floor.—Creosoted timber blocks 3 in. to 4 in. thick, laid on a 6-in. 
concrete base, will cost from $2.50 to $3.50 per sq. yd. 

ROOFING FOR MILL BUILDINGS.—The following costs include the cost of materials 
and the cost of laying, but do not include the cost of the sheathing. 

Corrugated Steel Roofing.—The weight of corrugated steel roofing and siding may be ob- 
tained from Table I, Chapter I. The price of corrugated steel may be obtained from current 
quotations in Engineering News or Iron Age. The cost of laying corrugated steel is about $0.75 
per square when laid on plank sheathing, $1.25 per square when laid directly on the purlins, and 
$2.00 per square when laid with anti-condensation lining. The erection of corrugated siding 
costs from $0.75 to $1,00 per square. Asbestos paper costs from 3} to 4 cts. per lb. Galvanized 
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wire netting, No. 19, costs 25 to 30 cts. per square of 100 sq.ft. Brass wire, No. 20, costs about 20 
cts. per lb. No. 9 galvanized wire costs about 3 cts. per lb. For trimmings, flashing, ridge roll, 
etc., add 1 ct. per lb. to the base price of corrugated steel. : 

Tar and Gravel Roofing.—Four- or five-ply tar and gravel roofing, for average conditions, 
costs from $3.75 to $4.00 per square, not including sheathing. Five hundred squares of 5-ply 
tar and gravel roofing, in 1912, in the middle west, cost $3.93 per square, not including sheathing. 

Tin Roofing.—Tin roofing costs from $7.00 to $9.00 per square, not including sheathing. 

Slate Roofing.—Slate roofing costs from $7.00 to $12.00 per square, not including sheathing. 

Tile Roofing.—The cost of tile roofing is variable, depending upon style of roof and location 
and local conditions, and may vary from $13.00 to $30.00 per square, not including sheathing. 

WINDOWS.—Windows with wooden frames and sash, and double strength glass, will cost 
from 25 to 50 cts. per sq. ft. of opening. Windows with metal frames and sash and wire glass, 
will cost from 45 to 55 cts. per sq. ft. of opening. 

SKYLIGHTS.—Skylights with metal frames and sash and wire glass, will cost from 50 to 
60 cts. per sq. ft. Skylights made of translucent fabric stretched on wooden frames, will cost 
from 25 to 30 cts. per sq. ft. Louvres without frames, will cost about 25 cts. per sq. ft. 

CIRCULAR VENTILATORS.—Circular ventilators will cost about as follows:—12-in., 
$2.00; 18-in., $6.75; 24-in., $10.00; 36-in., $15.00 each, when ordered in lots of at least six. 

ROLLING STEEL SHUTTERS.—Rolling steel shutters will cost $0.75 to $1.00 per sq. ft. 

WATERPROOFING.—The following costs for waterproofing engineering structures are 
taken from the Proceedings of the American’ Railway Engineering Association, Vol. 12, 1911. 
(1) Bridge floor, 6-ply felt and pitch, 124 cts. per sq. ft., including protection over waterproofing. 
(2) Trough bridge floor, 4-ply burlap and asphalt, 10 to 163 cts. per sq. ft. (3) Bridge floor, 3-ply 
burlap and asphalt, and asphalt mastic, 16 cts. per sq. ft. (4) Concrete slab bridge floor, 5-ply 
felt, 1-ply burlap and pitch, 15} cts. per sq. ft., including a 10 year guarantee. 

MISCELLANEOUS MATERIALS.—The following prices are for small lots, f.o.b. Pittsburgh 
(May, 1914). : 

Chain.—Standard chain, 75 in., 73 cts. per lb.; % in., 3 cts. per lb.; I in., 2.6 cts. per lb. 
For BB chain, add 13 cts. per lb., and for BBB chain, add 2 cts. per lb. 

Nails.—Base price of nails, $2.00 per keg of 100 Ib.—20d to 60 d nails are base; for 10d to 
16d, add 5 cts. per keg; for 8d and 9d, add 10 cts. per keg; for 6d and 7d, add 20 cts. per keg; 
for 4d and 5d, add 30 cts. per keg; for 3d, add 45 cts. per keg, and for 2d, add 70 cts. per keg. 

Gas Pipe.—Gas pipe costs about as follows:—Standard gas pipe I in. diam., black, 33 cts. 
per ft., glavanized, 5 cts. per ft.; 2 in. diam., black, 7} cts. per ft., galvanized, 11 cts. per ft.; 3 in. 
diam., black, 163 cts. per ft., galvanized, 23 cts. per ft. 

Steel Railroad Rails.—Bessemer rails, $28 per gross ton (2240 lb.); open-hearth, $30 per 
gross ton. 

Wire Rope.—The cost of steel wire rope is about as follows:—8 in. rope, 10 cts. per lineal ft.; 
# in. rope, 13 cts. per lineal ft.; I in. rope, 20 cts. per lineal ft.; 1} in. rope, 45 cts. per lineal ft. 

Manila Rope.—Manila rope costs about 123 cts. per lb. Sisal rope costs about 9 cts. per Ib. 

HARDWARE AND MACHINISTS SUPPLIES.—Prices of hardware and machinists 
supplies are for the most part quoted by giving a discount from standard list prices. The “ Iron 
Age Standard Hardware Lists,” price $2.00, may be obtained from the Iron Age Book Department, 
239, W. 39th St., New York. Discounts from these standard lists are given each week in Iron 
Age. The base prices of structural materials are given in the first issue of each month of Engineer- 
ing News, and are given in each issue of Iron Age. 

REFERENCES.—For detailed estimates of steel mill buildings and additional data on the 
cost of steel mill buildings see the authors ‘‘ The Design of Steel Mill Buildings.” For detailed 
estimates of steel highway bridges and additional data on the cost of steel highway bridges, see 
the author’s ‘‘ The Design of Highway Bridges.’’ For data on the cost of retaining walls, bins and 
grain elevators, see the author’s ‘* The Design of Walls, Bins and Grain Elevators.’ For data 
on the cost of steel head frames, coal tipples, and other mine structures, see the author’s “‘ The 
Design of Mine Structures.” 


GCHAPTER XIV. 
ERECTION OF STRUCTURAL STEEL. 


METHODS OF ERECTION.—The method used in erecting a steel structure will depend 
upon the type of structure, the size of the structure, the risk to be taken, as in bridge erection, 
whether the structure is to be erected without interfering with traffic, as in erecting a railroad 
bridge to replace an existing structure, or in erecting a building over furnaces or working machinery, 
the available tools, and local conditions. The tendency of modern structural steel erection 
practice is, as far as possible, to use derrick cars for erecting railway bridges and locomotive cranes 
for erecting mill buildings and other structures. 

The methods of erection that may be used for erecting different steel structures are as follows. 

Plate Girders and Short Riveted Spans.—Plate girders up to about 60 ft. span are very 
commonly riveted up complete with cross frames and bracing, either at the shop orat the site, and 
are placed in position on the abutments. With plate girders longer than 60 ft. and short riveted 
trusses one girder or truss is placed in position at a time and the floorbeams and bracing are put 
in place after the girders or trusses are in place. The girders or trusses may be swung into place 
by a stiff-leg derrick or a guy derrick set up alongside the track or back of the abutment where 
there is no track; by a derrick car, or may be hoisted into place by a gin pole. Where falsework 
has been placed girders are picked up from the cars by two gallows frames, one near each end of the 
span, or by one gallows frame and a derrick. Plate girders may also be put in place by sliding 
into place either longitudinally or transversely, or by jacking and cribbing. 

Truss Bridges.—Riveted trusses up to a span of 100 to 125 ft. may be riveted up on the 
bank and be swung into place by a boom traveler or a derrick. The floorbeams and bracing 
are then put in place and the span riveted up. Where falsework is required the bridge may be 
erected by a gantry or outside traveler placed outside of the trusses, by a boom traveler running 
on a track placed inside the trusses, or by a derrick car. The gantry or outside traveler is com- 
monly used for long spans and for highway spans where no tracks are available. The boom 
traveler is commonly used for elevated railway and highway viaducts. The derrick car is now 
commonly used for erecting railway bridges and is sometimes used for erecting viaducts. 

Cantilever Bridges.—Cantilever bridges are commonly erected by means of an overhang 
traveler running on the completed portion, the structure being built out from the shore. Canti- 
lever bridges are sometimes erected on falsework in the same manner as simple trusses. 

Arch Bridges.—Arches may be erected on falsework in the same manner as simple truss spans, 
or may be cantilevered out from each abutment, the cantilever being supported by temporary 
cables running over a tower placed back of the abutments. 

High Viaducts.—High steel viaducts are commonly erected by means of an overhang or 
boom traveler running on a track on top of the viaduct girders. The overhang or boom is long 
enough to place a tower in advance with the traveler on the completed portion. Derrick cars 
have also been used for erecting high steel viaducts. The towers and the girders may be erected 
by means of gin poles. The tower bents may be bolted up before raising or may be erected and 
bolted up in place. 

Roof Trusses, Mill and Office Buildings.—Where there is sufficient room, roof trusses up 
to 150 ft. span may be riveted or bolted up on the ground and may then be raised into position | 
by means of one or two gin poles. Two gin poles should be used for long trusses. Care should 
be used not to cripple the lower chord. With light trusses, the lower chord members should be 
stiffened by means of timbers or other stiff members temporarily bolted or lashed to the member. 
Columns and beams in office buildings may be erected with stiff-leg or guy derricks, or “A” 
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derricks may be used for loads up to 5 tons. The bents of steel mill buildings may be erected in 
the same manner. Roof arches and train sheds are sometimes erected by. means of falsework, 
which is moved as the erection proceeds. Boom-tower derricks running on tracks are found 
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very convenient. Locomotive cranes are now used for erecting mill buildings and similar struc- 
tures where tracks are available. 

Elevated Towers and Tanks.—The towers for high tanks are commonly erected by means 
of a gin pole. A gin pole long enough to erect the entire tower may be used, or short gin poles 
may be lashed to the part of the tower already erected; the gin poles being moved up as the erection 
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proceeds. Steel tanks are commonly erected from a movable platform suspended -inside the 
tank. A movable swinging platform for the riveters is also swung outside of the tank. 

ERECTION TOOLS.—The tools and appliances used in the erection of structural steel vary 
so much that it will only be possible to give a brief summary together with data not ordinarily 
available. Many of the tools and appliances used in the erection of structural steel are of standard 
contruction and may be purchased direct from dealers, so that a detailed description is not neces- 
sary. 
Design of Erection Tools.—For the design of hoists, derricks, cranes, crane hooks, and other 
tools used in bridge erection, see Hess’s ‘‘ Machine Design, Hoists, Derricks, Cranes,’’ published 
by J. B. Lippincott Company. 

Hoists.—Hoisting engines may have the boilers attached or may be detached. A self-con- 
tained steam hoisting engine is shown in Fig. 1. Gasoline or electric power may be used to 
advantage where available. For light hoisting the 4-spool engine is commonly used. Data for 
the standard hoisting engines used by the American Bridge Company are given in Table I. 

Winches and Crabs.—For light hoisting winches or crabs operated by hand power may be 
used. A crab is attached to the mast or boom, while a winch is self-contained. Views of a crab 
and of a winch are shown in Fig. 1. 

HOISTING ROPE.—Either manila rope or wire rope may be used for hoisting. 

Manila Rope.—Only the very best new manila rope should be used for hoisting, as manila 
rope rapidly deteriorates when used and commercial manila rope varies greatly in strength. The 
weight, ultimate strengths and safe working loads for manila rope are given in Table II. Working 
loads with a factor of safety of three should only be used with new rope of the best quality. ' 


TABLE I. 
STANDARD HOISTING ENGINES. AMERICAN BRIDGE COMPANY. 


Boilers. 


jehees Diam., |Length, 


Speed, Lb. In. In. In. In. 


Double Drum, 

4 Spool oP. 5,000 42 96 
Double Drum, 
9,000 108 
12,000 
15,000 108 


TABLE II. 


Manica Rope. ULTIMATE STRENGTH, WEIGHT AND WORKING STRESS OF BEST 
ManiLaA Rope. 


Working Load for Derricks. 


i i i Minimum Size 
A Circumference | Weight 100 Ft. Ultimate 
Diameter, In. | of Rope, In. . | Strength, Lb. | Used Rope, New Rope, of aoe 
Factor of 6, Lb. | Factor of 3, Lb. 3 


57) 1,800 300 600 
287 4,000 670 1,340 
2.75 5,400 goo 1,800 
3.14 7,200 1,200 2,400 
3.93 11,200 1,870 3,740 
4.71 16,000 2,670 5,340 
5.50 21,600 3,600 7,200 
6.28 28,500 4,750 9,500 
7.86 45,000 7,500 15,000 
9.42 64,200 10,700 21,400 
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Knots in Manila Rope.—In a knot no two parts which lie alongside of each other should 
move in the same direction in case the rope were to slip. A few of the more.common knots are 
shown in Fig. 2 which has been taken from C. W. Hunt Company’s book on “Manila Rope.” 


1. Bight of a rope. 16. Flemish Loop. 

2. Simple or Overhang Knot. 17. Chain Knot with toggle. 

3. Figure 8 Knot. 18. Half-hitch. 

4. Double Knot. 19. Timber-hitch. 

5. Boat Knot. 20. Clove-hitch. 

6. Bowline, first step. 21. Rolling hitch. 

7. Bowline, second step. 22. Timber-hitch and Half-hitch. 
8. Bowline, completed. 23. Black-wall-hitch. 

g. Square or Reef Knot. 24. Fisherman’s Bend. 
10. Sheet Bend or Weaver’s Knot. 25. Round Turn and Half-hitch. 
11. Sheet Bend with a toggle. 26. Wall Knot commenced. 
12. Carrick Bend. 27. Wall Knot completed. 
13. ‘‘Stevedore’”’ Knot completed. 28. Wall Knot Crown commenced. 
14. “‘Stevedore’”’ Knot commenced. 29. Wall Knot Crown completed. 


15. Slip Knot. 


“The bowline 7 is one of the most useful knots; it will not slip, and after being strained is 
easily untied. Commence by making a bight in the rope, then put the end through the bight 
and under the standing part as shown in Fig. 2, then pass the end again through the bight, and 
haul tight. : 

“The square or reef knot 9 must not be mistaken for the ‘granny’ knot that slips under a 
strain. Knots 8, 10 and 13 are easily untied after being under strain. The knot 13 is useful 
when the rope passes through an eye and is held by the knot, as it will not slip, and is easily untied 
after being strained. 

TABLE III. 


CRUCIBLE STEEL HoIsTING Rope. WEIGHT, ULTIMATE STRENGTH AND WORKING LOADS OF 
WrirE Rope COMPOSED OF 6 STRANDS AND A HEMP CENTER, I9 WIRES TO THE STRAND. 


Fe Sh gee Minimum Size of Drum or 
7. roximate i afe Worki tress Sheave. 
Diameter, Gacuescrecice, Weight per| Approximate Break-| fo; Derhcke Racker Se 
n. In Ft., Lb. ing Stress, Lb. of 4, Lb ‘ ; 
i : Derricks, In. | Rapid Hoist- 
i ing, In. 


10,000 2,500 6 
13,600 3,400 73 
17,600 4,400 9 
22,000 5,500 10 
27,200 6,800 12 
38,800 9,700 
52,000 13,000 
68,000 17,000 
84,000 ~ 21,000 

100,000 25,000 

124,000 31,000 

144,000 36,000 
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“The timber-hitch, 19, looks as though it would give way, but it will not; the greater the 
strain the tighter it will hold. The wall knot looks complicated; but is easily made by pro- 
ceeding as follows: Form a bight with strand a and pass the strand b around the end of it, and 
the strand. c around the end of 6, and then through the bight of a, as shown in the engraving 26. 
Haul the ends taut, when the appearance is as shown in 27. The end of the strand a is now laid 
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over the centre of the knot, strand 0 laid over a, and c over b, when the end of ¢ is passed through 
the bight of a, as shown in 28. Haul all the strands taut, as shown in 29.” 
The efficiency of a knot will vary from 45 to 75 per cent. 


TABLE IV. 


PLoucH STEEL HorstiInG Rope. WEIGHT, ULTIMATE STRENGTH AND WORKING LOADS OF WIRE 
RorE COMPOSED OF 6 STRANDS AND A HEMP CENTER, 19 WIRES TO THE STRAND. 


aaa Minimum res of Drum 
: Approximate ‘ Approximate e Working Stress or Sheave. 
a Circumference, Mctento Breaking for Derricks, 
: In. oot, Lb. Stress, Lb. Factor of 4, Lb. Denies: lRapid Hoisting, 
4 n. 


11,500 : 18 
16,000 
20,000 
24,600 
31,000 
46,000 
58,000 
76,000 
94,000 
116,000 
144,000 
164,000 
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TABLE V. 
DaTA ON WoopDEN Biocxks FoR MaAniLtA Rope. AMERICAN BRIDGE COMPANY. 


Thickness Ca- Outside 


Type of Block. ; , | of Block, | pacity,| Size of Line, In. Diameter |Weight, 
In. In Tons. of Seis Lb. 
n. 


Single with hook 


: 15 
Double with hook 


20 


a> 
@o[e2G0]m 
|~100|-3 
iH Nl- 


Single with hook 
Double with hook 
Triple with hook 


45 
70 
95 
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Single with hook 

Double with hook....... 
Triple with hook........ 
Quadruple with shackle .. 


70 
IIs 
150 
190 


i in | 
Rol bo bol bol 
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Single with hook........ 
Double with hook 

Triple with hook........ 
Quadruple with shackle. . 


lal 


90 
140 
190 
270 
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Single with hook........ 

Double with hook 

Triple with hook. ag 

Quadruple with shackle. . 
16” snatch block 

20” snatch block 


2 or 24 2 170 

2 or 24 125 230 

2 or 24 125 360 

2 or 24 Oy 430 

% or 14 or 13 50 
140 or 1f or 2 0r 24 | 95 
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Wire Rope.—Wire hoisting rope is now used for heavy hoisting and in all cases where prac- 
ticable. Wire rope is much more reliable, gives much greater service, and is much more eco- 
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nomical and satisfactory than manila rope. Data on crucible cast steel hoisting rope are given ° 
in Table III; and data on plough steel hoisting rope are given in Table IV. A factor of safety 
of 4 should be used for working loads only with derricks or hoists that are not in continuous 
action. For pile driving and for continuous hoisting a factor of safety of 6 should be used for 
working loads. Wire ropes used in hoisting are commonly 3, $ and jin. in diameter. The smaller 
diameters are used for guy lines. For standing guy lines a cheaper wire rope will usually be 
found satisfactory. Bending stresses in wire ropes are given in Fig. 7, Chapter X. 

HOISTING TACKLE.—Blocks for both manila rope and wire rope are made with wooden 
shells and with steel shells. Blocks up to 12 to 15 tons capacity are commonly provided with 
hooks; blocks for heavier loads are provided with shackles. Blocks should be well built with 
adequate bearings and carefully worked out details. The common types of blocks are shown in 
Irae eye 

Data on wooden blocks for Manila rope as used by the American Bridge Company are shown 

_in Table V. 
Data on steel blocks for wire rope as used by the American Bridge Company are shown in 


Table VI. 
TABLE VI. 


DATA ON STEEL BLOCKS FOR WIRE ROPE. AMERICAN BRIDGE COMPANY. 


idth of | Thickness i Outside 
Type of Block. wee In. of Piece, Le am Diameter of 
n. ; 


Sheave, In. 


Snatch with hook 17 7 
Single with shackle 21 

Double with shackle 21 8 
Triple with shackle 21 II 
Quadruple with shackle 21 14 
Six sheave with shackle 21 20 
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Rigging.—The rigging for lifting loads with wire rope are given in Fig. 4, and for manila 
rope in Fig. 5. These data are based on experiments made by the American Bridge Company, 
and have been adopted as standard by the American Bridge Company and the McClintic-Marshall 
Construction Company. 


TABLE VII. 


Ratios oF Loap To Putt IN LEAD LINE. 


Manila Rope. 


Lift per Unit Pull in Lead Line for Tackle with Parts as follows. 


Rope, In. 


I a 3 4 5 CO) GW BE A oy | eter |) sie yf ae |oagey |, an 

0.86 | 1.93 | 2.73 | 3.48 |4.12 |4.71 |5.23 |5-71 [6.12 |6.50 |6.83 |7.14 |7.40 |7.64 

0.83 | 1.92 | 2.68 | 3.37 13.95 |4.48 |4.92 |5.32 |5.66 |5.96 |6.22 6.45 |6.64 |6.82 

I 0.87 | 1.93 | 2.74 | 3.50 |4.16 14.77 |5.30 |5.80 |6.23 |6.63 |6.98 17.30 |7.58 17.85 
i 0.83 | 1.92 | 2.68 | 3.37 |3.95 |4.48 [4.92 |5.32 |5.65 |5.96 |6.21 |6.44 |6.63 |6.81 
14 0.83 Sor 2.67 | 3.36 |3.93 14.45 [4.89 |5.28 |5.61 |5.91 |6.15 |6.38 |6.56 6.73 
T 0.81 | 1.91 | 2.64 | 3.30 |3.84.14.33 [4-72 |5.08 15.37 |5.64 |5.85 |6.04 |6.20 |6.34 
2 0.82 | 1.91 | 2.65 | 3.32 13.87 14.37 14.78 [5.14 15-45 |5.72 |5.94 |6.15 |6.31 |6.46 
2% 0.80 | 1.90 | 2.63 | 3.28 |3.80|4.28 |4.65 |5.00 [5.27 |5.52 |5.72 |5.90 |6.04 |6.17 

Wire Rope. 
4 | 16,600 | 0.86 | 1.93 | 2.73 | 3.47 |4.11 |4.70|5.20 6.46 |6.78 
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Lifé|\Lead Line BEGGING 
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LIFE Rigging — 
Tons /z” Manila Rope 
Jingle 
2 Ports 


Double 
6 Parts 


ae 
6 Parts 
Triple 


Double 
6 Ports 
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Riggin 
"Monte Ke "Manila Rope 


Manila Rope 


LIFE 
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Triple 


Triple 
6 Porls 


Quadruple 


12" Blocks For lz” Rope: 
Capacity of Blocks 
Single with Hook, 5 Tons- 
Double with Hook, 7 Tons: 
Triple with Hook, 8 Tons: 
Approximate pull on lead line, 2 Tonse 


ue 


/4” Blocks For Ix’ Rope+ 
Capacity of Blocks 
Jingle with Hook, 6 Tons: 
Double with Hook, /0 Tons> 
Triple with Hook, l2 Tons. 
Quadruple with Shackle, /4 Tons. 
Approximate pull on lead line, 3 Tons- 
20" Blocks For 2” Rope: . 
Capacity of Blocks 
Single with Shackle, [5 Tons. 
Double with Shackle, 22 Tons- 
Triple with Shackle, 30 Tons- 
Quadruple with Shackle, 55 Tons- 
Approximate pull on lead line, § Tons- 
These values are only for tackle as shown: JF lead 
line Is shatched or passes over additional sheaves, 
capacity diminishes 


LIFTING CAPACITY OF TACKLE 
WOODEN SHELL BLOCKS WITH MANILA ROPE+ 
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Efficiency of Tackle.—The efficiency of rigging as calculated from tests made by the Ameri- 
can Bridge Company is given in Table VII. The tables may be used in calculating the loads 
that can be lifted by tackle as follows:— 

Given pull in lead line, to find load lifted—Divide the pull by 1.20 each time line is snatched 
or passes over sheaves other than those in tackle blocks; multiply quotient by ratio of load to 
lead line pull, Table VII, and the result is the load lifted. For example, lead line pull of engine 
= 10,000 lb.; rigging as rail :—2 snatch blocks, 2 sheaves, and 7 parts of 1} in. line in main 


falls. Then Load lifted = 


oe a a 4.89 = 23,600 lb. If load to be lifted is given, to find 


pull in lead line, reverse above operation. 


TABLE VIII. 


DaTA ON CHAINS. AMERICAN BRIDGE COMPANY. 


Be) 
g 
Po 


Weight Outside Outside Proof Test Ultimate Working Working 
per Foot Lengths of Width of in Lb Strength in Load in Lb. Load in Lb. 
in Lb., Links in In. | Links in In. Lb. Factor of 3. Factor of 4. 


Ole 


7,700 15,000 5,000 3,800 
12,000 23,000 7,600 5,700 
17,000 | * 33,000 II,000 8,200 
22,000 43,000 14,300 10,700 
29,000 56,000 18,600 14,000 
37,000 71,000 23,600 17,700 
46,000 88,000 29,300 22,000 
55,000 106,000 35,300 26,500 
66,000 126,000 42,000 31,500 
74,000 141,000 35,200 
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Chains.—Chains should be made of the best grade of double refined iron, and should be 
fabricated with great care. Details of a 3-in. ring chain; a 2-in. hook chain, and of a }-in. twin 
hook chain, as made for the American Bridge Company, are given in Fig. 6, and data on chains 
are given in Table VIII. 

Jacks.—Hydraulic and power lifting jacks of the necessary capacity should be provided. 

Miscellaneous Tools.—In addition to the standard tools required by bridge carpenters and 
by the blacksmiths many special tools are required by structural steel erectors. The most im- 
portant special tools required in steel erection as used by the American Bridge Company are 
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given in Fig. 7 to Fig. 14. An improved “old man” as used by Terry and Tench is shown in Fig. 
15. A corrugated rolling shear, and a steamboat jack and a steamboat ratchet are also shown 
in Fig. 15.. The special tools used by the Chicago Bridge and Iron Company for the erection of 
elevated tanks are given in Fig. 16 and Fig. 17. 

LIST OF TOOLS.—The tools required for any job will depend upon the size of the work, 
the number of men employed, and upon local conditions. A complete list of the tools that are 
commonly used by structural steel erectors is given in Table IX. 

Actual lists of the tools used for the erection of a steel railway bridge, a steel highway bridge, 
and a steel mill building are given in Table X, Table XI, and Table XII, respectively. 
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TABLE IX. 


List OF ERECTION TOOLS FOR STRUCTURAL STEEL. 
AMERICAN BRIDGE COMPANY. 


Name. 


Adzes. 

Air Chippers. 
Air Compressors 
Air Drills. 

Air Pumps. 

Air Reamers. 
Air Receivers. 
Anchors. 

Angle Bars for R. R. Rails. 
Anvils. 
Auger Bits. 
Augers (ship) 3 
Axes 


ees (Hand). 

Backing Out Punches. 

Balance Beams. 

Bars, Chisel. 

Bars, Claw. 

Bars, Connecting. 

Bars, Crow. 

Bars, Pinch. 

Bellows. 

Bits for Braces. 

Blacksmith Blowers. 

Blacksmith Hand Tools. 

Blocks (8, 10, 12, 14, 16, 18) in. Single. 

Blocks (8, 10, 12, 14, 16, 18) in. Double. 

Blocks (14, 16, 18, 20) in., 3 Sheave. 

Blocks, 4 Sheave. 

Blocks (8, 10, 12, 14, 16, 18, 20) in. (Snatch) 
Gate. 

Blocks (1, 2, 3, 4, 6) Sheave, Wire Rope. 

Boats (give kind). 

Boilers (only). 

Boring Machines. 

Braces (Carpenter). 

Branding Irons. 

Brushes (Paint). 

Brushes (Wire). 

Buckets. 

Car Axles. 

Cars, Camp. 

Cars, Derrick. 

Cars, Flat. 

Cars, Lever. 

Cars, Push. 

Cars, Tool. 

Car Wheels. 

Center Punches. 


in. to Ig in. 


Chains, (4, 3, 2, $) in. Hook & Ring, — ft. long. 


Chains, 1 in. Hook & Ring, — ft. long. 
Chains, 4, $, 2, I in., two rings, — ft. long. 
Chisels, Cope. 
Chisels, Framing. 
Clevises. 
Cold Chisels. 
Currugated Iron Cutters. 
Corrugated Iron Dolly Bars. 
“Hammers. 


oe «* Punches. 


Corrugated Tron, Rivet Sets. 
Shears. 
Crabs, Single Gear Iron Frame A—Flat. 
Crabs, Double Gear Iron Frame A—F lat. 
Crabs, Single Gear Wooden Frame A—Flat. 
Crabs, Double Gear Wooden Frame A—Flat. 
Cutters, Handle. 
Derricks. 
Derrick Balls Overhauling. 
“~~ Booms (Steel). 
Booms (Wood). 
Boom Bands, 2 Links. 
“Foot Blocks. 
“*  & Mast Angles. 
“Bearing Plates. 
Pins. 
=“. Plates. 
Foot Blocks. 
Goose Necks. 
Gudgeon Pins. 
Masts (Steel). 
Masts (Wood). 
Mast Band. 
Mast Band, one link. 
Mast Seat. 
Round Spiders. 
Long Spiders, Two Guys. 
One.Guy. 


“ee 


Diamond Points. 
Dolly Bars, Bent. 
cea Clubs 
“Goose Necks. 
Heel. 
Spring. 
Straight. 
Drawing Knife. 
Drilling Machine (Portable). 
Drift Pins (3%, +4, 7%, +3) in. diameter. 
Drills, Flat. 
Drills (Stone). 
Drills (Twist). 
Engine and Boiler. | 
Eye Bolts. 
Files. 
Forges (not rivet). 
Gauges (Track). 
Gin poles (Wood) Gas Pipe, Shoes. 
Grind Stone. 
Guy Rees 
Guy Rods. 
Guy Wire. 
Hammers (Chipping). 
Hand Gouges. 
Handle Gouges. 
Handles—Hammer, Maut, Axe, Adze, Pick. 
Hatchets. 
Hook for I Beams—Large, Medium, Small. 
Hooks, Cant. 
Hooks for Eye-Bars. 
Hooks, Girder. 
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Hooks for Heavy Chord. 
Hooks for holding on. 
Hooks, Scaffold. 
ies Cun oer. 
ek lumber: 
Horse Powers. 
Hose, Air Drill. 
Rubber. 
Steam. 
ae pands, 
Couplings. 
Jacks, Hydr.—Capacity. 
orton. 
“Rail, Double. 
s Rail, Single. 
“« Steamboat. 
“ ~ Steamboat Pull. 
“Steamboat Pushing. 


“Driver Leads. 
“Rings. 
“Ring Hooks. 
Pins, Cotter. 
Pipe Cutters. 
Pipe, Iron. 
Pipe Tongs. 
Planes. 
Plumb Bobs. 
Pneumatic Bucker-up. 
Pneumatic Hammer. 


Pump, Boat, Galvanized Iron. 


Pump, Centrifugal. 
tae a Orce: 
Steam. 
Punch, Hydraulic. 
Punch, Screw. 
Purchase Rings. 
Rails (Steel). 
Rail Splice Plates. 
Rail Buggies. - 
Rams. 
Ratchets. 


ce 


Reamers—it, 3%, 18, Ive in. 
Reamer Handles. 
Rivet Busters. 
Clamps. 
“Clamp Hooks. 
Forges. 
Gouges. 
Hammers. 


matic). 
Set Cuppers. 
Set Gouges, Standard. 
Set Rivet Tongs. 
Set Trimmers. 
Spikes. 
Rollers. 
Roofing Sets. 


“ Screw. Rope, Manila—, 1, 13, 14, 2 in. 
Poe rack. Rope Lashing, Manila. 
Kettles, Iron. Rope Slings, Manila. 
Ladles. Rope, Wire Hoisting. 
Lag Screws. Saws, Crosscut. 
Ladders. Saws, Hand. 
Lanterns. Saw Frames, Hack. 
Levels (Spirit). Saws, One Man. 
Locks. Saw Sets (Crosscut). 
Marking Pot. Screw Drivers. 
‘Mattocks. Shackles. 
Mauls, Spike. Sheaves,—in. dia. 
Mauls, Steel (8, 9, 12, 16, 18, 20) lb. Shovels. 
Nails. Squares (Carpenter). 
Oars. Stock and Dies. 
Oar Locks. Stoves. 
Oil Cans. Sulphur Pot. 
Old Man. Tape Lines. 
Picks. Tarpaulins. 
Pike Poles. ‘Timber Buggies. 
Pile Hammers. Tool Boxes. 


(3 


Steel, Ocreun 
se Steel, Round. 
i. Steel, Square. 
Traveler Corner Irons. 
cs Plates. 
s Rods. 
sf Wheels, Standard. 
Traveler Wheels. 
Wheel Boxes. 
Travelers (Wood). 
Travelers (Steel). 
Turnbuckle Rods.. 
Tuvere Irons. 
Valves. 
Vises. 
Wagons. 
Wrenches, Chain. 


Wrenches, Fork—4, 3, 35, 4, in 


Sets for—#, 3, 3, 7, 1, in. Rivets (Hand). 
Sets for—3, 3, 3,4 1, in. Rivets (Pneu- 


Wrenches, Key—large, medium, small. 


Wrenches! Monkey. 
Wrenches, S. 
Wrenches, Stillson. 
Wedges. 
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TABLE OX. 


List oF TOOLS FOR ERECTION OF STEEL RAILROAD BRIDGE CONSISTING OF SEVERAL 75-FT. PLATE 
GIRDERS, A 180-FT. THROUGH SPAN, AND AN 80-FT. VERTICAL Lirt SPAN, INTER- 
NATIONAL FALLS, MINNESOTA. MINNEAPOLIS STEEL & MACHINERY Co. 


Name and Size of Tool. antity. Name and Size of Tool. 


Forges, Complete. 

Files. 

Gouges, Hand, 

Gouges, Handle. 

Hack Saws and Blades. 
Hammer, 7 |b. 

Hammer, Claw. 

Hammers, Blacksmith, 5 lb. 
Handles. 

Hooks, Scaffold. 

Hose, Air, + ins, 700 ft: 
Hose, Water, } in. X 50 ft. 
Jack, Screw, 24 in. X 16 in. 
Jack, Track. 

Jack, Stone. 

Jack, Hydraulic, 15 ton. 
Lanterns. 

Level. 

Man, Old. 

Punches, Backing Out. 
Punches, Screw (Frame). 
Pipe Vise. 

Pick. 

Drift Pins, 

Drift Pins, 3 in. 

Drift Pins, 4 in. 

Pail, Water. 


Augers, Ship, 7@ in. 
Adz. 


Axe, Hand. 

Anvils. 

Bars, Crow. 

Bars, Claw. 

Bits, = in. 

Box, Tool. 

Braces. 

Brushes, Wire. 

Brushes, Paint. 

Block, Steel, Snatch, ro in. 

Block, Steel, Snatch, 12 in. 

Block, Steel, Snatch, Wire Rope, 12 in. 
Block, Steel, Single, Wire Rope, 12 in. 
Block, Steel, Single, Wire Rope, 14 in. 
Block, Steel, 4 Part, Wire Rope, 16 in. 
Block, Steel, Double, Wire Rope, 18 in. 
Block, Steel, Double, Wire Rope, 12 in. 
Block, Steel, Triple, Wire Rope, 12 in. 
Block, Wood, Snatch, 10 in. 

Block, Wood, Snatch, 12 in. 

Block, Wood, Single, Tackle, 8 in. 
Block, Wood, Single, Tackle, 10 in. 
Block, Wood, Single, Tackle, 12 in. 
Block, Wood, Double, Tackle, 8 in. 
Block, Wood, Double, Tackle, ro in. 
Block, Wood, Double, Tackle, 12 in. Ratchets. 

Block, Wood, Triple, Tackle, 12 in. Receiver, Air, 30 in. X 60 in. 
Block, Wood, Triple, Tackle, I4 in. iy .| Rope, Manila, 1 in., 7 pieces. 
Block, Chain, 5 Ton. I .| Rope, Manila, 1} in., 5 pieces. 
| Cable, Wire, 4 2 in. .| Rope, Manila, 2 in., 1 piece. 
.| Cable, Wire, 3 3 in. .| Rope, Manila, 2 in., 1 piece. 
.| Cable, Wire, ¢ in. , galvanized. .| Rope, Manila, 2 in., 1 piece. 
Chains, 2 in., 23 ft. long. .| Rope, Manila, 1 in., 2 pieces. 
Chains, in., 14 ft. long. Rope, Manila, Lashings. 
Chains, ins 12 ft. long. Stock and Dies, Blacksmith. 
Chains, 12, ft. long. Stock and Dies, Pipe. 
Clamps, Ces 3 in. Snaps, Rivet, 3 in. 

Clamps, Cable, % g in, Snaps, Rivet, @ in. 

Clamps, Cable, in. Snaps, Rivet, ¢ in. 

Clamps, Rivet. Saws, Cross Cut. 

Chisels, Round Nose. Saws, Hand. 

Chisels, Cold. Shovels, No. 2. 

Cutters. Shovels, Snow. 

Cant Hooks. Square. 
- Compressor, Air. Shackles 

Derrick, 12 ton. Trucks, Dolly. 

Dolly, Timber. Tongs, Blacksmith. 

Dolly, Goose Neck. Tongs, Heater 

Dolly, Straight. Wrenches, Bridge # in. 

Dolly, Spring. Wrenches, Bridge } in. 

Dolly, Wedge. Wrenches, Monkey 

Dolly, Heel. Heavy Traveler, 12 ton. 
Drills, Twist, 4% in. Rollers, 10 in. and 12 in. 
Drills, Twist, 7¢ in. Pneumatic riveting guns. 
Drills, Twist, 11 in. 28 in Turnbuckles. 

Drills, tiin. X 4 ft. Stoves. ; 

Engine, Hoisting. 2 in. X 8 in. Step bolts. 
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TABLE XI. 


List or TOOLS FOR THE ERECTION OF 80-FT. SPAN HIGHWAY BRIDGE. 
MINNEAPOLIS STEEL & MACHINERY Co. 


Name and Size of Tool. Name and Size of Tool. 


Man, Old. 

Punches, Backing out. 
Pick. 

Pump. 

Pins, Drift, 2 in. 

Pins, Drift, 3 in. 
Pails, Water. 

Pile Driver Leads. 
Pile Driver Hammer. 


Pile Driver Head Block. 


Axes. 

Axes, Hand. 

Bits, 1 in., $ in., ¢ in. 
Buster. 

Box, Tool, 

Brace. 

Brush, Paint. 

Blocks, Io in. 

Block, Single Tackle, 8 in. 
Block, Single Tackle, 1o in. 
Blocks, Double Tackle, 8 in. Pile Driver Nipper. 

Chain, # in., 8 ft. long. Ratchet. 

Chain, 3 in., 7 ft. long. Rope, Manila, 1} in. 
Clamp, Rivet. Rope, Manila, i in., 5 pieces. 
Chisel, Hand. Lashings, I5 ft. 

Dolly, Timber. Stock and Dies, Blacksmith. 
Drills, Twist, 34 in. Saw, Crosscut. 

Files. Saw, Hand. 

Gouges, Handle. Shovels, Short Handle 
Hacksaw and Blades. Shovels, Long Handle. 
Hammers, 7 lb. Square. 

Hammers, Claw. Wrench, Bridge, ? in. 
Hammer, Machine. Wrench, Bridge, 3 in. 
Handles, 30 in. Wrench, Bridge, $ in. 

Jack Screw, 12 in. Wrench, Stillson, ro in. 
Level. Wrench, Monkey, 12 in. 
Wheel Barrows. 
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ERECTION OF TRUSS BRIDGES.—Truss bridge spans are usually erected on falsework. _ 
The truss may be erected by means of a traveler or a derrick traveler or a derrick car. The usual 
procedure where a traveler is used will be briefly described. After the falsework and traveler are 
ready, lay out the center lines of the trusses on the falsework and locate the positions of the panel 
points. At each panel point place the necessary blocking for camber. Then beginning at the 
fixed end place the pedestals in position and place the lower chords and the floorbeams and stringers 
in position and distribute the pins. If the floorbeams and stringers will be in the way they are 
not placed until they are needed. The traveler is run to the center of the bridge and the center 
panel on each side is erected. The upper chord section is hoisted and held a little above its final 
position; the posts are raised, the diagonals are put in place and the pins are driven, or with a 
riveted truss the joints are field bolted in about 50 per cent of the holes. The panel on the oppo- 
site side is then erected and the top lateral struts and bracing are put in place, the floorbeams and 
stringers are connected up and the lower laterals are put in place, so that the center tower is fully 
braced. Great care must be used in erecting the middle tower to see that it is in exactly the 
proper place. After the center panel is complete the traveler is moved toward the fixed end, 
erecting the trusses one panel at a time. The traveler is then run back to the center and the | 
roller end of the trusses are erected. After the span is all connected up and all connections are 
properly bolted up, the blocking is knocked out and the bridge is swung clear. The details of 
erection vary with the type of truss and local conditions and the above description is intended to — 
merely give an idea of the procedure. Truss bridges may also be erected by starting the 
traveler at the fixed end. 

Where a derrick car or a derrick traveler is used the erection is commonly started at the 
fixed end. 
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TABLE XII. 


List oF ERECTION TOOLS FOR THE ERECTION OF A STEEL MILL BUILDING 60 FT. BY I50 FT. WITH 
CORRUGATED STEEL COVERING; 43 TONS STEEL, 7 Tons CORRUGATED STEEL. 
MINNEAPOLIS STEEL & MACHINERY Co. 


Quantity. Name and Size of Tool. Quantity. Name and Size of Tool. 
I Axe, Hand. I Forge, Complete. 
4 Bars, Crow. I Gin Pole. 
4 Bars, Connecting. 4 Gouges, Handle. 
I Box, Tool. I Hack Saw and Blades. 
2 Braces. I Hammer, Claw. 
4 Brushes, Paint. I Hammer, Machine. 
I Block, Steel, Single, Wire Rope, 6 Handles, 30 in. 
IO in. I Man, Old. 
I Block, Steel, Double, Wire Rope, 2 Punches, Backing out. 
IO in. 6 Punches, Corrugated. 
I Block, Wood Snatch, Io in. 20 Pins, Drift, 3 in. 
fe) Block, Wood, Single Tackle, 8 in. 10 Pins, Drift, $ in. 
8 Block, Wood, Double Tackle, 8 in. I Ratchet. 

700 ft. | Cable, $ in., 3 pieces. 1,100 ft. Rope, Manila, ¢ in., 8 pieces. 
I Chain, } in., 3 ft. long. 4 Rope, Manila, Lashings. 
I Chain, 3 in., 8 ft. long. I Stock and Dies, Blacksmith. 
I Chain, 3 in., 9 ft. long. B Snaps, Rivet, ? in. 

23 Clamps, Cable, 3 in. I Saw, Hand. 
7 Clamps, Cable, $ in. I Square. 
2 Clamps, Rivet. ' 4 Shackles. 
6 Chisels. 2 Snips, Corrugated. 
3 Cutters. I Tongs, Blacksmith. 
I Crab, Small. 2 Tongs, Heater. 
I Dolly, Timber. I Tongs, Pick-up. 
I Dolly, Goose Neck, 3 in. I Vise, Machinist. 
I Dolly, Straight, 3 in. 15 Wrenches, Bridge, 2 in. 
I Dolly, Spring, 3 in. 20 Wrenches, Bridge, ? in. 
3 Dolly, Corrugated Steel. 8 Wrenches, Bridge, 4 in. 
I Dolly, Jam, 3 in. I Wrenches, Bridge, # in. 
I Drills, Twist, 3% in. 2 Wrenches, Monkey. 


In erecting the Municipal Bridge over the Mississippi River at St. Louis, sand boxes were 
used for camber blocking in the place of the usual timber camber blocking. 

The threads of pins should be protected by pilot nuts and pilot points when driving. Details 
of standard pilot nuts are given in Table 99, Part II, and of standard pilotpoints in Table 100, 
Part Ll. 

RIVETING.—Field rivets may be driven by hand or with pneumatic riveters. Before 
driving the rivets the parts to be riveted must be drawn up by means of erection bolts so that the 
holes are fully matched and the surfaces of the metal are so close together that the metal from the 
rivet will not flow out between the plates. The holes are brought in line and matched by the use 
of drift pins, Fig. 7 and Fig. 17; care should be used not to injure the metal with the drift pin. 
If the holes will not match they should be reamed. A gang for hand riveting consists of four 
men, (1) a rivet heater, (2) a bucker-up, (3) a rivet driver, and (4) a man to catch and enter the 
rivets, to assist in driving and to hold the rivet set (snap). The hot rivet is thrown by the rivet 
heater with rivet-pitching tongs, Fig. 11; the rivet is caught in a bucket or keg and is put into the 
rivet hole with the rivet-sticking tongs, Fig. 11. The rivet is then bucked-up with a dolly, Fig. 9 
or Fig. 10, and is upset with a rivet hammer, Fig. 7. After the rivet is upset to fill the hole a rivet 
set (snap), Fig. 7, is held over the upset rivet and a few blows with the riveting hammer completes 
the work. Field rivets are ordered with enough stock to furnish metal to fill the hole and to 
form a perfect rivet head. If the rivet is too short, either the hole will not be filled or the rivet 
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CyHap, XIV. 


head will be imperfect. If the rivet is too long the rivet set (snap) will force the metal out under 


the edge of the rivet set (snap) making a bad looking job. The rivet should be heated uniformly 
so that it will be upset for its entire length. Riveters prefer to use rivets with scant stock so that 
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the rivet can be upset and a perfect head formed with little labor. To drive a rivet properly the 
rivet should be upset by striking it squarely on the end, as side blows will upset the rivet without 


filling the hole. 
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Where compressed air is available a pneumatic field riveter is used for driving rivets. “Pneu- 
matic field riveters are of two types: (a) jaw riveters that buck-up the rivet and form the head as 
in shop riveters; and (5) a pneumatic gun that is held against the rivet by the riveter, the rivet 
being bucked-up with a dolly as in hand riveting or with a pneumatic dolly. The pneumatic gun 
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is more convenient and is commonly used. A rivet snap is used in the air gun. Good rivets can 
be driven by hand, but the work of the pneumatic riveter is more uniform and most specifications 
for erection of structural steel call for its use. Several railroad bridge specifications now 
require that hand driven field rivets be calculated for only four-fifths of the allowable stresses on 
machine driven field rivets. While more rivets can be driven with an air gun than by hand, the 
added expense for air makes the cost of driving nearly the same as for hand driven rivets. 
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Dollys for bucking-up rivets are made in many forms to suit the different conditions. 
Straight, goose-neck, bent, heel and club dollys are shown in Fig. 9, a ring dolly is shown in Fig. 
10, and a corrugated iron dolly in Fig. 11. Dollys for use in erecting elevated tanks are shown 
in Fig. 16, and include the bar dolly, the heel dolly, the combination dolly, and the spring dolly. 

DERRICKS AND TRAVELERS.—Derricks and travelers are made in many different forms. 
A few of the more common forms will be described. 
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Gin Pole.—A gin pole, Fig. 18, is a timber or steel mast with four guys and a block at the 
top through which the hoist line leads to a crab bolted near the bottom, or the hoigt line may 
run to the hoisting engine. The foot of a gin pole is supported by timbers which are shifted with 
bars or on rollers. The gin pole should not be inclined more than a few degrees from the vertical, 
and care must be used to prevent the bottom from kicking out with heavy loads. Gin poles 
may be made of timber, gas pipe, or may be built structural steel masts. Gin poles are not 
commonly made longer than 40 to 60 ft., but a trussed gin pole 120 ft. long has been used for 
erecting elevated towers. The mast of a gin pole may be built up so that only two guys are 
necessary, resulting in “ shear legs” as in Fig. 18. 

Each guy is fastened at its lower end to a “‘deadman” (a timber, or log, or beam buried in 
the ground). 
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Guy Derricks.—A guy derrick, Fig. 18 and Fig. 19, has a vertical mast guyed with three or 
more guy lines, and has a boom which carries blocks and a fall line on the upper end. The boom 
is raised and lowered with rigging called ‘‘topping lines” or ‘‘boom lines.” The load is raised 
by rigging called ‘‘fall lines’’ or ‘‘falls.”” The hoisting line may be run down the boom to a crab 
or to the hoisting engine, or the hoisting line may be run through a “‘rooster”’ placed on top of the 
mast and then to the hoisting engine. Guy derricks may be swung in a full circle, either by hand 
or by means of a bull wheel operated by a line from the hoisting engine. 

“A” Derrick.—The ‘‘A” derrick or ‘‘ Jinniwink”’ derrick is shown in Fig. 18. ‘‘A” derricks 
are used for light hoisting up to three to five tons. The “A” derrick is a simple form of the stiff- 
leg derrick. 

Stiff-Leg Derrick.—The stiff-leg derrick has a mast braced by ‘“‘A”’ frames set at right angles 
to each other, Fig. 18 and Fig. 19. The loads may be lifted and the boom raised and lowered 
by means of a crab or by a hoisting engine. The stiff-leg derrick has a free swing of about 240 
degrees. The mast may be turned by hand or by means of a bull wheel operated by a line from the 
hoisting engine. Details of a 12-ton timber stiff-leg derrick are shown in Fig. 21. Stiff-leg 
derricks of large capacity are now commonly made of structural steel. Details of a steel stiff-leg 
derrick are given in Fig. 29. 
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Fic. 22. DETAILS OF A GALLOWS FRAME. AMERICAN BRIDGE COMPANY. 


Boom Travelers.—The mast of a derrick may be supported by the framework of a traveler, 
Fig. 18. The traveler may be made one or several stories in height. The booms may swing or 
may be fixed to raise and lower in one plane, and may be used single or in pairs. Boom travelers 
are commonly used in erecting train sheds, and structural steel buildings. Details of a steel boom 
traveler are given in Fig. 28 and Fig. 29. 


Viaduct Travelers.—An overhang traveler for erecting a high steel viaduct is shown in Fig. 20. | 


Gallows Frame.—A gallows frame or a transverse bent as shown in Fig. 22, is used for erecting 
plate or riveted girders. The gallows frame is guyed fore and aft with steel cables. Gallows 
frames are commonly used in pairs or a gallows frame is used with a stiff-leg derrick. 

Through or Gantry Travelers.—A through or gantry traveler consists of two or three trans- 
verse bents or ‘‘gallows frames” braced longitudinally and is carried on a track supported on the 
falsework and placed outside of the trusses. The traveler has a clearance such that it can be 
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TABLE XIII. 
BILL OF TIMBER IN TRAVELER, FIG. 24. 


.| Cross Sec- ‘Pength, 


ne tion, In. | Ft-In. 

5 Hoisting beams. 4] 4X 8 | 18-0 | Platform cut to g ft. 
4 Longitudinal. 4| 6X 12 | 38-0 | Sills. 
2 Caps. 2| 8 X 12 | 32-0 | Sheave beams. 
2 28 <8 Chord. Io} 4X 8 | 36-0 | Longitudinals. 
Aa 8X TO Legs. 4| ©X 8 | 36-0 | Platform. 
4| 8X10 Legs. 10) 3X" 6 1°36-0)) Plationm planks 
AaOEX 8, Legs batter. I] 6 X 10 | 20-0 | Blocks cut to 2 ft. 
A 6X8 egs. 4| 6X 10 | 28-0 | Side braces. 
Sate4 <8 Web braces. 4| 6X 10 | 30-0 | Side braces. 
AOE 3 OX. & Web braces. 2! 4X 6 | 16-0 | Fillers cut to 8 ft. 
Ale 3X8 Web braces. 2/ 4X 6 | 14-0 | Fillers. 
Aula oS Web braces. I} 3X 8 | 12-0 | Leg brace. 
ce AP ae ass Web braces cut to to ft.| 2} 6 X 12 | 16-0 } Fillers cut to 2 ft. 
pales 8 Leg braces cut to g ft. 2} 8X10 | 16-0 | Trucks cut to 8 in. X g in. 
z || eeu? Leg braces cut to Io ft. X 4 it. 
ch | ems Leg braces cut to 6 ft. Di LX 765 | r6-On, Fillers’ 
Maines <8 Leg braces platform. Ane 3) 2 Sle20-On le Chordicnmto) LOnnt 
Sl gy Se ae! Leg splices cut to 6 ft. 2 |) 3) 8 | 22-0) |lep brace cut to LI it, 
Sess -G Leg splices cut to 6 ft. | 3.x 8 | 18-0 )*Leg brace cut to 4 it, 6 ins 
Slee te 6 Leg splices cut to 6 ft. 4| 2X 4 | 38-0 | Sliding beam. 

TABLE XIV. TABLE XV. 

Britt oF BoLTs IN TRAVELER, FIG. 24. BILL oF IRONS IN TRAVELER, FIG. 24. 


Diameter, In. | Length, Ft-In. Name. Dimensions. 


I-10 
I— 6 
I- 6 
I- 4 
I- 2 
I-o 
O-I0 
o- 8 
2-0 
I- 4 


Sheave Chocks... .|10+ in. Block Sheave. 
Bent Bars inn <ip ine G2 ft. olin: 
i iba DG) tits Gy ane 
Zahn a Pp nivey (Oo) sal 
in. X 2 ft. o in. 
in. X 1 ft. Io in. 
14 in. diameter X 9 ft. 2 in. 
Traveler Wheels...| 14 in. diameter, 3 in. shaft. 
Wheel - Boxescry-cueen le esttrers erect ee tener 
Rods ono. ace sella Giameterp a Onitnonins 
in. diameter X 3 ft. 6 in. 


3 
4 
3 
4 
3 
4 
3 
4 
3 
4 
3 
4 
3 
4 
3 
4 
3 
4 
1 
4 


co) 
Rb OP ADH HALO 


run past the completed bridge or structure. Travelers may be made of timber or structural steel. 
Outline plans for four standard timber travelers designed by the American Bridge Company are 
given in Fig. 23, while the detail plans for traveler No. I are given in Fig. 24. The bill of lumber 
for traveler No. 1 is given in Table XIII; the bill of bolts is given in Table XIV, and the bill of 
irons in Table XV. Traveler No. I may be used for single track railway spans up to 250 ft.; 
traveler No. 3 for single track spans up to 175 ft.; traveler No. 2 for double track spans up to 
175 ft.; and traveler No. 4 for double track spans up to 250 ft. 

Derrick Cars.—Derrick cars with a capacity up to 75 tons are in common use. The derrick 
cars are usually self-contained and can move under their own power. The boom can be folded 
back over the car out of the way when not in use. A sketch of a derrick car is shown in Fig. 20. - 

FALSEWORK.—Falsework for the erection of bridges is built up of bents made of three or 
more posts or piles, braced transversely in the same manner as for permanent trestles. Framed 
bents are carried on mudsills, or on piles where the foundation is inadequate or where the false- 
work isin flowing water. Where piles can not be driven in running water or where there is danger 
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CHAPeXIV: 


of flood, it may be necessary to use spread footings which are anchored in place. Where it is 
practicable to obtain piles of sufficient length they may be used for the full height of the falsework. 
The timber used in building falsework should be sound, strong, free from defects that will affect 
its strength or interfere with its use. Since the structure is temporary, durability is not an 
important element in selecting timber for falsework unless it is to be used several times. 

For examples of timber trestles, see Chapter VII. 

Plans of typical four-legged falsework as used by the American Bridge Company are shown 
in Fig. 25. When trains are to be carried and 2-8 in. X 16 in. stringers are used under each rail, 
bents must not be spaced over 18 ft. centers for the falsework as shown. 
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Piles.—Timber piles may be driven with a drop hammer, Fig. 26, or with a steam hammer, 
A spool roller pile driver with a drop hammer is shown in Fig. 26. The hammer is raised to the 
top of the leads by the hoisting engine; the hammer is then permitted to fall on the top of the 
pile, dragging the hoisting rope down with it. The force of the blow of the hammer depends 
upon the weight of the hammer, the height of free fall, and the resistance of the hammer in the 


leads. By catching the hammer as it descends the operator can cushion the blow so that the safe 
bearing power of a pile as calculated from the penetration may be very misleading. 
Details of a pile driver are given in Fig. 27. 


DETAILS OF STEEL ERECTION. 


The safe load on piles may be calculated by the Engineering News formula 
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where P = safe load on the pile in tons; 
W = weight of hammer in tons; 
h = height of free fall of hammer in ft.; 
5S = average penetration of the pile for last six blows. 
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Fic. 26. Types or Pitre Drivers. 
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478 . STEEL BOOM TRAVELER. 
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Fic. 28. TRAVELER USED IN ERECTION OF ARMORY, UNIVERSITY OF ILLINOIS. 
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Fic. 29. SvirF-LEG DERRICK USED ON ERECTION TRAVELER FOR ERECTION OF ARMORY, 
UNIVERSITY oF ILLINOIS. (Two of these derricks were used on front of traveler.) 
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_ Piles should have a penetration of not less than ro ft. in hard material and not less than 20 ft. 
in soft material. For a steam hammer unity in the denominator in (1) should be replaced by ay: 

The following specification is commonly used for piles for heavy falsework. 

All piles are to be spruce, yellow pine or oak, not less than 9 in. in diameter at the point and 
not more than 14 in. in diameter at the butt. Piles are to be straight and sound, and free from 
defects affecting their strength or durability. Piles are to be driven into hard bottom until they 
do not move more than 3 in. under the blow of a hammer weighing 2,000 Ib. and falling 25 ft. 

For specifications for falsework piles, see Chapter VII. 

A track pile driver is shown in Fig. 26. 

Design of Falsework.—Falsework should be designed to carry the necessary loads. Where 
the falsework is required to carry traffic it should be designed for the same allowable stresses as 
are permitted for timber trestles and bridges, Table V, Chapter VII. Where the falsework does 
not carry traffic the allowable stresses may be fifty per cent in excess of those permitted for perma- 
nent structures. Care should be used in the design to prevent crushing of timber across the 
grain. For details of timber trestles see Chapter VII. 

Traveler for Erection of Armory.*—The new armory for the University of Illinois is 276 ft. 
by 420 ft. in plan, the main drill hall being covered by three-hinged arches with a span 206 ft. 
centers of end pins, a center height of 94 ft. 3 in., and are spaced 26 ft. 6 in. The arches havea 
horizontal tie of two 4 in. X § in. bars, and are braced together in pairs. 

Each arch was shipped in eight segments, and the four sections for each half of the arch 
were assembled and riveted up in horizontal position on the ground close to their final positions. 
One side of the arch was then lifted into a vertical plane by a two-boom traveler, and its lower 
end was fitted into the shoe and the shoe pin driven. The truss was then lowered on this pin 
until its head rested on the ground, the arch segment being supported by guys at the sides. The 
opposite segment of the arch was then raised and adjusted in the same way. The traveler was 
then placed at the center of the arch, and the hoisting lines of the two booms were attached near 
the ends of the two half-arches, which were then raised, the lower ends rotating on the shoe pins. 
The arch was then held while the center pin was driven and the purlins were placed connecting it 
to the adjacent arch. 

The traveler, Fig. 28, consisted of a steel tower about 40 ft. square and 33 ft. high to the 
working deck. On this deck were two 40-ft. masts with A-frames, each carrying a 90-ft. boom, so 
that the top of the boom could reach about 20 ft. above the top of the arches, the maximum 
height from the ground to the hoisting block being 125 ft. 

The traveler was supported on wood rollers on tracks of 16 X 16 in. timbers about 40 ft. 
apart. The upper part of the traveler was composed of two stiff-leg derricks of the type shown 
in Fig. 29, with one stiff-leg and one sill removed from each, the masts being stepped on the 
traveler frame and connected by bracing as shown. Each derrick had a lifting capacity of 15 tons, 
and was operated by an engine of 8 H. P., the two engines being placed on a platform on the 
lower sills of the traveler about 2 ft. from the ground. 

INSTRUCTIONS FOR THE ERECTION OF STRUCTURAL STEEL.—The McClintic- 
Marshall Construction Co. has issued the following instructions to foremen. 

In Order to Avoid Accidents, as Far as Possible, be Guided by the Following: 

1. See that Your Equipment is Sufficiently Strong.—It is your duty to see that the equip- 
ment and tools you use for each part of the work are sufficiently strong to handle the same safely. 

You should see that the derricks you use are amply strong for the loads to be lifted. The 
goose neck and gudgeon pin are the critical points of a derrick. If you have any doubt about 
the strength of the goose neck, provide heavy wire guys from gudgeon pin to sill at base of stiff 
legs. Don’t lift a ten ton load on a five ton derrick. The same thing applies to gin poles and 
travelers. Don’t overload your equipment and don’t run any chances where life is endangered. 
Be careful not to lift any but a light load on a derrick if the length of the boom exceeds seventy 


times the least width or thickness of the boom; that is, if your boom is 12 in. X 14 in. the least 
width is 12 in., you should not lift a heavy load on this boom if it is more than seventy feet in 


length. 
* Engineering News, Dec. 11, 1913. The structural steel was fabricated and erected and the 
traveler was designed by the Morava Construction Co., Chicago, Illinois. 
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See that travelers are well and carefully framed and erected, well braced and capable of 
withstanding the greatest wind, and shocks from heaviest loads that are to be lifted. . 

See that the hooks, shackles and beckets on your blocks are amply strong, and don’t allow a 
gate block to be used without it being closed and hooked. Also see that your cables and chains, 
as well as the rings and hooks in the same, are amply strong for the loads to be lifted. 

Do not use old or worn line when there is any danger to men or material by so doing. Cut 
out the use of manila line whenever possible. When you are obliged to use it be sure it is amply 
strong. Use steel cable whenever possible, as it is safer, will last longer and is cheaper in the 
long run. Be sure that the guy cables for gin-poles, derricks, etc., are of sufficient size to with- 
stand the tension to come upon them. Also that the cables are securely fastened by means of a 
sufficient number of good, strong clamps well fastened, and also that dead men or other anchorages 
are ample, and watch them when lifting heavy loads to see that guys do not cut dead men in two. 
Keep gin pole guys as near at right angles to each other as possible, when only four are used. 

You should be careful to see that the gas pipe or wooden scaffold you use is of proper size 
and strength for the span and loads. If there is any question about the strength, test the same 
by applying several times the load that will come upon it. See that plank you use for scaffolding, 
etc., is the right kind of wood, preferably white or yellow pine, free from knots and shakes and 
plenty strong, watching to see that it is thick enough for the span on which it is used. 

Do not put heavy loads on light push cars. The frame is not only liable to crush but the 
shafts, boxes or wheels may bend or break, upsetting the load and injuring the men. 

2. See That Your Equipment is in Order.—In setting up your derricks see that they are 
plumb, properly guyed and that the splices are brought into contact and bolted with tight-fitting 
bolts. See that the goose-necks fit gudgeon pin closely and are not cracked or bent and that the 
top of stiff-leg is tied down from the goose-neck to the sill to prevent lifting tendency. If the 
timbers in the mast, boom, stiff-legs or sills are rotten, knotty or wind shaken, do not use them. 
See that your gudgeon pin and pintle casting are well fastened to the mast, and if the mast is of 
wood that the wood is not rotten or orn at these points. 

You should see that all leads are as straight and direct as possible, as failure to provide good 
leads reduces the efficiency of your power and equipment, as well as producing heavy wear on the 
lines and is a frequent cause of accidents. Particular care should be exercised in securing good 
leads for wire cable on account of liability of breaking the individual wire strands by sharp bends 
or indirect leads. A broken individual wire is liable to lie across and cut the other wires of the 
cable. When you use a wooden traveler see that the timbers are all in good condition and that 
it is erected plumb and square and the joints are properly and securely bolted. More accidents 
occur from the use of wooden derricks and wooden travelers than from any other cause, and for this 
reason extreme care should be exercised to see that they are in good condition before using them. 
When a traveler is used, see that it is properly erected and thoroughly bolted and all sway and 
bracing rods tightened. 

Do not use an iron gin pole if the sections are bent or dented seriously, or the splices do not 
clamp the pole tightly and securely. Do not use a wooden gin pole unless the timber is-in good 
condition, well spliced with good long splices securely bolted. 

See that your hoisting engine is in good order; that the shafts are not bent, the dogs, clutches 
and brakes, including the friction, are in good condition and working order. The lever con- 
trolling the winch heads should be straight and when thrown in should engage the ratchet fully. 
See that winch head cannot slip off shaft. See that the boilers are cleaned frequently and kept in 
good condition. 

You should be particular to see that gas pipe scaffolding is not rusted on the inside and that 
it is fastened so that it cannot roll or turn. Do not use any plank or timber for scaffolding that 
is knotty, rotten or weather cracked, and allow no man to work on scaffold plank laid loose on 
a supports. The plank should be fixed so that they cannot move or slide endwise, by using drop 

olts. 

All cables should be in good condition and kept oiled or greased so that they will not rust; 
if they are not in good condition, do not use them. All guy cables should be securely fastened 
by means of a sufficient number of good clamps. 

See that your chains and the rings and hooks in the same are not worn, cracked or bent 
out of shape and that they are annealed at least once every three months in an annealing furnace, 
if you are near one, or otherwise anneal them yourself by laying them down in a straight line and 
uilding a good sized wood fire over them, heating slowly to a cherry red, then cover over thor- 
oughly with ashes and heated dry dirt leaving them to cool slowly in the ashes and dirt. In laying 
the chains down in a straight line do not lay one chain on top of another. Be particular to see 
that the covering is ample so that air or moisture cannot cool the chains quickly or partially. 
This annealing should be done on Saturday and chains not disturbed until Monday. Chains 
used frequently every day should be annealed once a month. 

See that your blocks are in good order and that the beckets, shackles and hooks are not 
bent, cracked or out of shape, and that faces of blocks are in good condition, also that the sheaves 
are not cracked or the flanges broken. 
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See that all button sets (rivet sets) are fastened to the air hammers. 

3. See that Your Equipment and Tools are Properly Used.—In using a locomotive crane be 
sure that your track is properly ballasted and level and the rails well spiked down. Do not lift a 
load sideways when the locomotive crane is standing on a curve, without using extra care. Use your 
outriggers and rail clamps when lifting a heavy load. 

The loads that a locomotive crane is capable of handling safely for each radius are plainly 
marked on the crane; don’t attempt to lift heavier loads with the crane. 

See that the booms of locomotive cranes, ‘derrick cars or derricks, are in first class condition. 
If the boom (or flanges of the boom) has been injured or bent, don’t use it, but replace the broken 
or bent part with new material. Don’t attempt to straighten it, as the material in all probability 
has been injured, and will break or collapse sooner or later. 

A locomotive crane is a useful, but dangerous piece of equipment, for this reason the greatest 
possible care should be exercised in handling the same. Don’t allow any man on the car or crane 
cab, except the craneman, and keep workmen from under the boom. Don't attempt to shift track with 
ae aay standing on the same track, and don’t attempt to lift a maximum load with the boom 

orizontal. 

You must be especially careful in swinging boom sidewise or lifting loads sidewise with a 
derrick car as your car will upset unless you use outriggers or guys. Don’t run chances, but lift 
the load straight ahead wherever possible. See that the boom on the derrick car is tightly guyed 
at all times with wire rope running from end of boom to sides of car. Never use manila line for 
this purpose, as it will stretch and your boom will get away from you, upsetting the car. Use 
additional guys to end of boom when setting heavy loads. 

In carrying loads with a locomotive crane or derrick car on a curve, be sure that the track is 
level and the outer rail not elevated as is customary with railroad track. 

Be very careful in using a wooden boom extension or outriggers, that you do not lift too 
heavy loads. The increased length of the boom and the weight-of extension reduce the lifting 
capacity considerably. Whenever possible, avoid the attachment of guy lines to railroad tracks, 
as numerous accidents have occurred by car running into the guys. 

Hook onto sheets or bundles of small material so that they cannot slip out. 

Don’t allow men to carry glazed window sash on their shoulders when the wind is blowing. 

See that gate blocks are securely fastened and that men do not stand in the “‘bite”’ of a line. 

Do not use a light gate block when lifting heavy loads. 

Lines should be run around two winch heads when making a heavy lift. 

_ When you use a derrick keep the boom elevated above a horizontal line as far as possible, as gen- 
erally the worst stress comes on the boom and mast as well as stiff-legs or guy lines when boom is in a 
horizontal position. A maximum load for the derrick should never be lifted with the boom in a hort- 
zontal postition. / 

When you use a gin pole see that the splices are well bolted and the pole is properly guyed. 
Do not lean the pole too much when lifting a load or moving the pole and see that the foot of the 
pole cannot move or slip except when you desire to move it. 

A number of accidents have occurred through the improper loading of push cars. See that 
the load is properly placed so that it cannot roll or tumble over, especially going around a curve. 
Do not allow your men to push on the side of the car with a top heavy load. They should push 
or pull from the ends of the piece. : ; 

When you lift a beam or girder use scissor dogs or cast steel girder hooks wherever possible, 
and if you are obliged to use either ordinary dogs or chains see that wooden blocks are used be- 
tween the chain or dog and the flange to prevent the girder from slipping. . 

Avoid the use of chains except for lifting light loads. Where you have heavy loads to lift 
use cable slings, being careful to avoid sharp bends by using rounded wooden blocks between 
cable and load. Don’t put too many parts of lashing into a hook as by doing so you are liable to 
open up the hook. See that exposed parts of dangerous machinery are properly covered. 

" 4. Be Orderly, Careful.—See that your work is carried on in an orderly, careful manner. 

See that material is unloaded and piled in an orderly, careful way so that it cannot fall, turn 
or be blown over. ‘ f Py 

Unless necessary, do no hoist any material to a structure until you are ready to put it into 
position and properly fasten it. In cases where you do hoist material to the structure before 
putting it in its final position, see that it is piled in an orderly way so that it cannot turn or roll 
over when a man steps on it. eu ; 

Don’t let tools or equipment such as bolts, nuts, drift pins, blocks, dolly bars, etc., lie around 
so that they can be knocked off the work or so that any one can fall over them. Keep every- 
thing orderly and in ship-shape and allow nothing to lie around. ; : 

5. Be Vigilant.—You must use vigilance and be on the job practically all the time to see 
that your men are carrying out your instructions; that tools and equipment are in fit condition 
for the work and that they are handling the work carefully and intelligently. ; 

Be careful and insist on the men under you being careful, and do not allow any one who is 
reckless and careless to work for you. 
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Whenever any question as to the safety of equipment or tools or the work which you are 
erecting is brought to your attention by any of the men under you or others, investigate the 
same and satisfy yourself of the safety of the same before proceeding further. If you are satisfied 
the work, equipment or tools are not safe, put them in a safe condition immediately. 

6. See that Proper Instruction is Given Employees.—Call attention of men to any dangerous 
conditions on the job so that they can be on the lookout. Your faithful attention to this matter 
is to the interest of employee and employer alike. - 

7. Unfit Condition.—You must see that every employe under you is in proper physical con- 
dition. They should be strong, temperate, clear-headed, with good eyesight, good hearing, and 
not lame or crippled. 

Do not allow any man to go to work who has been drinking or drinks during working hours 
or who is sick or in unfit condition. A man’s mind is not clear who is at all under the influence 
of liquor and thus endangers his own and fellow workmen’s lives. Don’t employ ignorant persons. 

Don’t employ any one under eighteen years of age and preferably no one under twenty-one. 
Those employed between the ages of eighteen and twenty-one should be strong, sober, healthy 
boys who desire to learn the business. You must secure a written permit from the parents of 
all boys under twenty-one years of age, authorizing you to employ them. Forms for this purpose 
will be sent you. The character of this business is such that a workman should be strong and 
sound in body, temperate in habits, clear and alert in mind, to avoid accidents. 

8. Use Judgment.—You must use judgment in assigning men to do certain work and see that 
they are capable and experienced in the work to be done. 

Signal men should be capable, experienced bridgemen, and should stand in a position where 
they can be seen by the men at the hoisting engine and those connecting the work. Signals 
should be clearly understood. Use none but good, careful, experienced locomotive cranemen, 
derrick car men, and men on winch heads. 

Don’t resort to expediency by allowing an inexperienced man to do"the work where experience 
counts. Educate the men up to their work. Don’t throw too much on inexperienced men all 
at once. You should see that the pusher and men use proper tools to do the work and handle 
same properly. Don’t allow your men to work on crane runway when cranes are in motion. 
Don’t allow men to work on scaffold that you would not work on yourself. Where there are 
heavy pieces to be lifted see if the weight is marked on the piece; if not, get the weight from 
the invoice and mark it on, calling pusher’s attention to it. : 

9. Do Not Allow Men to Work in Perilous Places.—You must see that your men are not 
exposed to extremely hazardous conditions and that they are not allowed to work in extremely 
dangerous places. 

Do not allow your men to work under loads and in places where there is imminent danger. 

Be careful not to allow men to work on the roofs of buildings when there is frost, ice or snow 

on the same, without taking extreme precautions. The same applies to other steel structures. 
10. See That Workmen Obey Following Rules. 

a. Don’t Be Reckless.—More accidents occur through recklessness than any other cause. 
Don’t walk on rods. Don’t ride a load. Don’t ride on a locomotive crane. 

b. Don’t Be Careless.—Look where you step and be sure that on what you step is safe and 
secure. Don’t step on ends of loose plank. Don’t start to slide down a line unless you are sure 
the ends are fastened. 

c. Be Orderly.—Do whatever you do in an orderly, careful manner. Pile material so that 
it cannot roll, fall, tumble, or be blown over. Don’t let tools or equipment such as bolts, nuts, 
drift pins, blocks, dolly bars, etc., lie around so that they can be knocked off the work or so that 
any one can fall over them. 

d. Unfit Condition.—Don’t go to work if you have been drinking or do not feel well. If you 
are lame or have any defect in hearing or eyesight you should not work at this business as by so 
doing you endanger your own and fellow workmen’s lives. If you are inexperienced in, or un- 
suited for the work to be done, don’t undertake it. 

_@ Be Vigilant.—Watch what you are doing. Don’t stand or work under a load. Don’t 
go in the “bite” of a line nor stand in front of a snatch block. Don’t work on or about a crane 
runway when the crane is in use unless there is a stop between you and the crane. 

f. Don’t Use Unfit Tools.—Be sure the tools and equipment you use are in good working 
order. If they are not, don’t use them. Don’t work with men who don’t observe these rules. 


SPECIFICATIONS FOR THE ERECTION OF RAILWAY BRIDGES.* 
AMERICAN RAILWAY ENGINEERING ASSOCIATION. 


1. Work to be Done.—The Contractor shall erect, rivet and adjust all metal work in place 
complete, and perform all other work hereinafter specified. 


Falsework placed by the Railway Company under an old structure or for carrying traffic, 
may be used as far as practicable by the Contractor during erection, but it shall not be unneces- 
sarily cut or wasted. 

4. Conduct of Work.—The work shall be prosecuted with sufficient force, plant and equip- 
ment to expedite its completion to the utmost extent and in such a manner as to be at all times 
subordinate to the use of the tracks by the Railway Company, and so as not to interfere with the 
work of other contractors, or to close or obstruct any thoroughfare by land or water, except 
under proper authority. 

Reasonable reduction of speed will be allowed upon request of the Contractor. 

Tracks shall not be cut nor shall trains be subjected to any stoppage except when specifically 
authorized by the Engineer. 

The Contractor shall protect traffic and his work by flagman furnished by and at the expense 
of the Railway Company. The Contractor shall provide competent watchmen to guard the work 
and material against injury. 

5. Engine Service.—If under the contract, work train or engine service is furnished the 
Contractor free of charge, such service shall consist only in unloading materials and in trans- 
ferring the same from a convenient siding to the bridge site. Other engine service shall be paid 
for by the Contractor at the rate of $...... per day per engine, the time to include the time 
necessary for the engine to come from and return to its terminal. When engine service is desired 
the Contractor shall give the proper railway officials at least 24 hours’ advance notice and the 
Railway Company will furnish the service as promptly as possible, consistent with railroad 
operations. 

When derrick cars are used on main tracks, their movements shall be in charge of a train 
crew, and the expense of the crew and any engine service other than as noted above shall be 
charged to the Contractor. 

6. Transportation.—When transportation of equipment, materials and men is furnished 
free over the Railway Company’s line, it shall be subject to such conditions as may be stated 
in the contract. ; 

7. Masonry.—The Railway Company will furnish all masonry to correct lines and elevations, 
and unless otherwise stated in the contract, will make all changes in old masonry without un- 
necessarily impeding the operations of the Contractor. The Railway Company’s engineers will 
establish lines and elevations and assume responsibility therefor, but the Contractor shall com- 
pare the elevations, distances, etc., shown on plans, with the masonry as actually constructed as 
far as practicable, before he assembles the steel. In case of discrepancy, he shall immediately 
notify the Engineer. 

8. Handling and Storing of Materials.—Cars containing materials or plant shall be promptly 
‘unloaded upon delivery therefor, and in case of failure to do so the Contractor shall be liable for 
demurrage charges. Material shall be placed on skids above the ground, laid so as not to hold 
water, and stored and handled in such a manner as not to be injured or to interfere with railroad 
operations. The expense of repairing or replacing material damaged by rough handling shall be 
charged to the Contractor. The Contractor, while unloading and storing material, shall compare 
each piece with the shipping list and promptly report any shortage or injury discovered. 


* Adopted, Am. Ry. Eng. Assoc., Vol. 13, 1912, pp. 83-87, 935-045. 
+ Insert “‘ Railway Company” or “Contractor,” as the case may be. 
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9. Maintenance of Traffic.—When traffic is to be maintained it will be carried on in such a 
manner as to interfere as little as practicable with the work of the Contractor. ; 

Changes in the supporting structure or tracks required during erection shall be at all times 
under the direct control and supervision of the Railway Company. 

10. Removal of Old Structure.—Unless otherwise specified, metal work in the old structure 
shall be dismantled without unnecessary damage and loaded on cars or neatly piled at a site 
immediately adjacent to the tracks, and at a convenient grade for future handling, as may be 
directed. When the structure is to be used elsewhere all parts will be matchmarked by the 
Railway Company; when the old bridge is composed of several spans the parts of each shall be kept 
separate. 

A 11. Metal Work.—Material shall be handled without damage. Threads of all pins shall be 
protected by pilot and driving nuts while being driven in place. 

Light drifting will be permitted in order to draw the parts together, but drifting for the 
purpose of matching unfair holes will not be permitted. Unfair holes shall be reamed or drilled. 

Nuts on pins and on bolts remaining in the structure shall be effectively locked by checking 
the threads. : 

All splices and field connections shall be securely bolted prior to riveting. When the parts 
are required to carry traffic, important connections, such as attachments of stringers and floor- 
beams, shall have at least fifty (50) per cent of the holes filled with bolts and twenty-five (25) per 
cent with drift pins. All tension splices shall be riveted up complete before blocking is removed. 
When not carrying traffic, at least thirty-three and one-third (334) per cent of the holes shall have 
bolts. 

Rivets in splices of compression members shall not be driven until the members shall have . 
been subjected to full dead load stresses. Rivets shall be driven tight. No recupping or caulking 
will be permitted. The heads shall be full and uniform in size and free from fins, concentric 
and in full contact with the metal. Heads shall be painted immediately after acceptance. 

Rivets shall be uniformly and thoroughly heated and no burnt rivets shall be driven. All 
defective rivets shall be promptly cut out and redriven. In removing rivets the surrounding 
metal shall not be injured; if necessary, the rivets shall be drilled out. 

12. Misfits.—Correction of minor misfits and a reasonable amount of reaming shall be con- 
sidered as a legitimate part of the erection. : 

Any error in shop work which prevents the proper assembling and fitting up of parts by the 
moderate use of drift pins, and a moderate amount of reaming and slight chipping or cutting, 
shall be immediately reported to the Engineer and the work of correction done in the presence of 
the Engineer, who shall check the time expended. The Contractor shall render an itemized bill 
for such work of correction for the approval of the Engineer. 

13. Anchor Bolts.—Holes for all anchor bolts, except where bolts are built up with the 
masonry, shall be drilled by the Contractor after the metal is in place and the bolts shall be set 
in Portland cement grout. : 

14. Bed Plates.—Bed plates resting on masonry shall be set level and have a full even bearing 
over their entire surface; this shall be attained by either the use of Portland cement grout or 
mortar, or by tightly ramming in rust cement under the bed plates after blocking them accurately 
in position. : 

TS DeCks:—— hes. i ae Batwa Minh ees will frame and place the permanent timber deck. 

16. Painting.—The paint will be furnished by *....................008. and shall be of 
such color, quality and manufacture as may be specified. 

Surfaces inaccessible after erection, such as bottoms of base plates, tops of stringers, etc., 
shall receive two coats of paint, allowing enough time between coats for the first coat to dry before 
applying the second. No paint shall be applied in wet or freezing weather, nor when the surface 
of the metal is damp. Painting shall be done in good and workmanlike manner, subject to strict 
inspection during progress and after completion, and in accordance with special instructions 
which shall be given by the Engineer. All metal shall be thoroughly cleaned of dirt, rust, loose 
scale, etc., before the paint is applied. 

17. Clearing the Site——Tne Contractor, after completion of the work of erection, shall 
irmove all old material and debris resulting from his operations and place the premises in a neat 
condition. 

18. Superintendence and Workmen.—During the entire progress of the work the Contractor 
shall have a competent superintendent in personal charge and shall employ only skilled and 
competent workmen. Instructions given by the Engineer to the Superintendent shall be carried 
out the same as if given to the Contractor. If any of the Contractor’s employes by unseemly 
or boisterous conduct, or by incompetency or dishonesty, show unfitness for employment on the 
work, they shall, upon instructions from the Engineer, be discharged from the work, nor there- 
after be employed upon it without the Engineer’s consent. 


* Insert ‘‘Railway Company” or ‘‘Contractor,”’ as the case may be. 
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19. Inspection.—The work of erection shall at all times be subject to the inspection and 
acceptance of the Engineer. 

20. Engineer.—The term ‘“‘Engineer,’’ as used herein, shall be understood to mean the 
Chief Engineer of the Railway Company, or his accredited representative. 


INSTRUCTIONS FOR THE INSPECTION OF BRIDGE ERECTION.* 


(1) Study and observe the plans and specifications for steel construction. Study the masonry 
plans and check the masonry as built with the steel plans. 

(2) Familiarize yourself with the local conditions affecting erection. 

Make the acquaintance of the principal men engaged upon the work. and of local residents 
whose interests may be affected thereby. _ 

(3) Obtain and study carefully the time table and be well posted concerning the time when 
regular and extra trains are due and their relative importance. Acquaint yourself with all special 
traffic arrangements, made because of the work in hand. ; 

(4) Secure full information concerning the conditions of the work in the bridge shop and the 
probable dates of shipment. 

(5) Obtain reports of any uncompleted or erroneous work that must be attended to after 
arrival of the material in the field. 

(6) Study the erection program in order to avoid delays and be able to recommend some 
other procedure in an emergency. 

(7) Endeavor to have full preparations made before disturbing the track so that the erection 
may proceed rapidly and the period of such disturbance be made a minimum. 

(8) Keep a record of the arrival of all materials. The contractor’s record should be sufficient 
if available. Strive to anticipate any shortage of material and use all available facilities to hasten 
delivery of the needed parts. 

(9) Study the progress of the work and determine whether it is likely to be completed in the 
time allotted. If not, endeavor to secure such additions to the force and equipment as will insure 
such completion. 

(10) Make a daily record of the force employed and the distribution of labor, in a way that 
will assist in following clauses 9 and 23. ; 

(11) Exercise a constant supervision of any temporary structure or falsework and make 
soundings if necessary with the purpose of discovering any evidence of failure or lack of safety 
and having it corrected before damage is done. Examine erection equipment with a view to its 
safety and adequacy. 

(12) Be constantly on hand when work is in progress and note any damage to the metal, 
failure to conform to the specification or any especial difficulty in assembling. —_ 

(13) Make sure that each member of the structure is placed.in its proper position. If match 
marks are used, examine them with care. ‘ 

Endeavor to have the several members assembled in such order that no unsatisfactory make- 
shifts need be resorted to in getting some minor member in place. 

(14) Prevent any abuse or rough usage of the material. Bending, straining and heavy pound- 
ing with sledges are included in such abuse. 

(15) Watch carefully the use of fillers, washers and threaded members to see that they are 
neither omitted nor misused. ; 

(16) Make certain that all parts of the structure are properly aligned and that the required 
camber exists before riveting. It is possible for a structure to be badly distorted although the 
rivet holes are well filled with the bolts. 

(17) Watch the heating of rivets to insure against overheating and to make sure that scale 
is removed. ; 

Examine and test carefully all field-driven rivets and have any that are loose or imperfect 
replaced. : 

: Have cut out and replaced all rivets, whether shop-driven or field-driven, that may be loosened 
during erection and riveting. 

Prevent injury to metal while removing rivets. ; : : 

. (18) Present to the contractor at once for his attention any violation of the specifications 
or contract, and secure a correction or refer the matter to the proper authorities as soon as possible. 

(19) Keep informed concerning the use of Company material and work trains and assist 
in procuring such material and trains when needed, and preserve a record thereof. 

(20) Secure a match-marking diagram of any old structure to be removed and see that each 
part of such structure is properly marked in accordance therewith. Make a record of the manner 
of cutting the old structure apart and report any damage to the members of the old structure. 


* Am. Ry. Eng. Assoc., Vol. 14, p. 90. 
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Indicate by sketches or otherwise such repairs or replacement as will be found necessary in re- 
erection. ; 

(21) Secure photographic records of progress and the important features of the work where- 
ever practicable. 

(22) Make a record of flagging of trains, whether performed for the benefit of the Contractor 
or otherwise, delays to trains, personal injuries, and accidents of every kind. 

(23) Make reports as directed, showing the progress of the work, the size of the force and 
the equipment in use. 

Make a final report showing the cost of labor of erection per ton of material erected, the 
cost of labor per rivet in riveting, the cost of correcting errors in design and fabrication and com- 
menting on the design and details; and give such other information as may be useful in planning 
similar work. 


CHAPTER XV. 
ENGINEERING MATERIALS. 


TRON AND STEEL.—The following definitions were adopted by the Committee on the 
Uniform Nomenclature of Iron and Steel of the International Association for Testing Materials, 
September, 1906. 

Cast Iron.—Iron containing so much carbon or its equivalent that it is not malleable at any 
temperature. The committee recommends drawing the line between cast iron and steel at 2.20 
per cent carbon. 

Pig Iron.—Cast iron which has been cast into pigs direct from the blast furnace. 

Bessemer Pig Iron.—Iron which contains so little phosphorus and sulphur that it can be used 
for conversion into steel by the original or acid Bessemer process (restricted to pig iron containing 
not more than 0.10 per cent of phosphorus). 

Basic Pig Iron.—Pig iron containing so little silicon and sulphur that it is suited for easy 
conversion into steel by the basic open-hearth process (restricted to pig iron containing not more 
than 1.00 per cent of silicon). 

Gray Pig Iron and Gray Cast Iron.—Pig iron and cast iron in the fracture of which the iron 
itself is nearly or quite concealed by graphite, so that the fracture has the gray color of graphite. 

White Pig Iron and White Cast Iron.—Pig iron and cast iron in the fracture of which little 
or no graphite is visible, so that the fracture is silvery and white. 

Malleable Castings.—Castings made from iron which when first made is in the condition of 
cast iron, and is made malleable by subsequent treatment without fusion. 

Malleable Pig Iron.—An American trade name for the pig iron suitable for converting into 
malleable castings through the process of melting, treating when molten, casting in a brittle state, 
and then making malleable without remelting. 

; Pent Iron.—Slag-bearing, malleable iron, which does not harden materially when suddenly 
cooled. 

Steel.—Iron which is malleable at least in some one range of temperature and in addition is 
either (a) cast into an initially malleable mass; or, (b) is capable of hardening greatly by sudden 
cooling; or, (c) is both so cast and so capable of hardening. 

Open-hearth Steel.—Steel made by the open-hearth process, irrespective of carbon content. 

Bessemer .Steel.—Steel made by the Bessemer process, irrespective of carbon content. 

Blister Steel.—Steel made by carburizing wrought iron by heating it in contact with car- 
bonaceous matter. 

Crucible Steel.—Steel made by the crucible process, irrespective of carbon content. 

Steel Castings.—Unforged and-unrolled castings made of Bessemer, open-hearth, crucible 
or any other steel. 

Alloy Steels.—Steels which owe their properties chiefly to the presence of an element other 
than carbon. 

Classification of Iron and Steel.—The limits of carbon, the specific gravity and properties 


of iron and steel are as follows: 


Per cent of Carbon. Specific Gravity. Properties. 
Cast Iron 5 to1.50 WP Not malleable, not temperable 
Steel 1.50 to 0.10 7.8 Malleable and temperable 
Wrought Iron 0.30 to 0.05 hey Malleable, not temperable 


It will be seen that the percentage of carbon alone is not sufficient to distinguish between steel 
and wrought iron. The softer grades of steel resemble wrought iron. Very mild open-hearth 
steel is often sold under the trade name of ‘‘ Ingot Iron,” and is reputed to have many advantages 
over structural steel, most of which properties it does not possess among which is the ability to resist 
corrosion. 
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CAST IRON.—The product of the blast furnace, where the iron ore is reduced in the presence 
of a flux, is called pig iron. The term cast iron is commonly applied to pig iron after it has been 
again melted and cast into finished form. Cast iron contains carbon, silicon, sulphur, phosphorus, 
and manganese in addition to pure iron, and occasionally very small quantities of other elements. 
The amount of carbon depends largely upon the presence of other elements. 

Carbon.—The percentage of carbon ordinarily varies between 13 and 4 per cent, but in the 
presence of manganese the carbon may be much higher. Carbon may occur in the form of com- 
bined carbon, giving a white brittle cast iron, or in the form of graphite, giving a gray cast iron, 
which is the form used in structural castings. The proper amount of carbon in cast iron depends 
upon the amount of other impurities and upon the use that is to be made of the finished product. 

Silicon.—The carbon is controlled by varying the amount of silicon and sulphur. Silicon 
acts as a precipitant of carbon, changing it from the combined form to the graphite form. The 
silicon in gray-cast iron is usually between 3 and 3 per cent. 

Sulphur.—Sulphur has the opposite effect of silicon and its presence is considered objection- 
able. Sulphur produces ‘‘ red-shortness ”’ (brittleness when the iron is heated). The amount of 
sulphur in gray-iron castings should not exceed 0.12 per cent. 

Manganese.—Manganese and sulphur both tend to increase the amount of combined carbon, 
but they tend to neutralize each other. Manganese gives closeness of grain and prevents the 
absorption of sulphur on remelting. The amount of manganese in gray-iron castings is usually 
less than % per cent; more than 2 per cent makes cast iron brittle. 

Phosphorus.—Phosphorus increases the fusibility and fluidity of cast iron but at the same 
time makes it brittle. A high phosphorus content is necessary in cast iron for light ornamental 
castings where strength is not required. The phosphorus in gray-iron castings varies from } to 
3 per cent. 

Malleable Castings——Small thin castings made of white cast iron may be decarbonized by 
heating the castings in annealing pots containing hematite ore or forge iron scale. The castings 
are kept at a cherry red heat for three to four days, and are then allowed to cool slowly. The metal 
in malleable castings should not exceed } in. in thickness in small castings, nor % in. in large 
castings, and should be of uniform thickness. 

Strength of Cast Iron.—The strengths of gray-iron castings are given in Table I and in the 
Specifications for Gray-iron Castings of the American Society for Testing Materials. 


STANDARD SPECIFICATIONS FOR GRAY-IRON CASTINGS 
OF THE 
AMERICAN SOCIETY FOR TESTING MATERIALS. 
ADOPTED SEPTEMBER I, 1905. 


1. Process of Manufacture. Unless furnace iron is specified, all gray castings are understood 
to be made by the cupola process. 
2. Chemical Properties. The sulphur contents to be as follows: 


Light Castings.> tore mie we sje fe es cng ee os elem Geena not over 0.08 per cent 
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LCA Wy; CASEIN ES), Gevete fayanctcle- satis riser hc emer eeae : OVID 


3. Classification. In dividing castings into light, medium and heavy classes, the following 
standards have been adopted: 

Castings having any section less than 3 in. thick shall be known as light castings. 

Castings in which no section is less than 2 in. thick shall be known as heavy castings. 

Medium castings are those not included in the above classification. 

4. Physical Properties. Zvransverse Test. The minimum breaking strength of the ‘ Arbi- 
tration Bar ”’ under transverse load shall be not under: ss 


Light’ Castinige oy oes scoters cle ceve: srelaceheves Seenercuet cnet ee ete cen 2,500 lb. 
Mediuiti. castings. s.:65 i5.0005 214.0 camerteare oe Aenen eee tee ree 2,900 “ 
Heavy Castings «3 <G2.2.8 owe cule aiuto aicatn erste te ae ee 33300 nee 


In no case shall the deflection be under 0.10 in. 
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Tensile Test. Where specified, this shall not run less than: 


Deer Castitnst rg min keine eos etic «s Giuloenbtacs oa dude 18,000 lb. per sq. in. 
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5. Arbitration Bar. The quality of the iron going into castings under specification shall be 
determined by means of the ‘‘ Arbitration Bar.” This is a bar 1} in. in diameter and 15 in. long. 
It shall be prepared as stated further on and tested transversely. The tensile test is not recom- 
mended, but in case it is called for, the bar as shown in Fig. 1, and turned up from any of the broken 
Bee of the transverse test shall be used. The expense of the tensile test shall fall on the pur- 
chaser. 

6. Number of Test Bars. Two sets of two bars shall be cast from each heat, one set from the 
first and the other set from the last iron going into the castings. Where the heat exceeds twenty 
tons, an additional set of two bars shall be cast for each twenty tons or fraction thereof above this 
amount. In case of a change of mixture during the heat, one set of two bars shall also be cast 
for every mixture other than the regular one. Each set of two bars is to go into a single mold. 
The bars shall not be rumbled or otherwise treated, being simply brushed off before testing. 
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Fic. 1.—ARBITRATION TEST Bar. TENSILE TEST PIECE. 


7. Method of Testing. The transverse test shall be made on all the bars cast, with supports 
I2 in. apart, load applied at the middle, and the deflection at rupture noted. One bar of every 
two of each set made must fulfil the requirements to permit acceptance of the castings represented. 

8. Mold for Test Bar. The mold for the bars is shown in Fig. 2, The bottom of the bar is 
zs in. smaller in diameter than the top, to allow for draft and for the strain of pouring. The 
pattern shall not be rapped before withdrawing. The flask is to be rammed up with green molding 
sand, a little damper than usual, well mixed and put through a No. 8 sieve, with a mixture of one 
to twelve bituminous facing. The mold shall be rammed evenly and fairly hard, thoroughly dried 
and not cast until it is cold. The test bar shall not be removed from the mold until cold enough 
to be handled. 

9. Speed of Testing. The rate of application of the load shall be from 20 to 40 seconds for a 
deflection of 0.10 in. 

10. Samples for Analysis. Borings from the broken pieces of the ‘‘ Arbitration Bar ’’ shall 
be used for the sulphur determinations. One determination for each mold made shall be 
required. In case of dispute, the standards of the American Foundrymen’s Association shall be 
used for comparison. 

11. Finish. Castings shall be true to pattern, free from cracks, flaws and excessive shrinkage. 
In other respects they shall conform to whatever points may be specially agreed upon. 

12. Inspection. The inspector shall have reasonable facilities afforded him by the manu- 
facturer to satisfy him that the finished material is furnished in accordance with these specifications. 
All tests and inspections shall, as far as possible, be made at the place of manufacture prior to 


shipment. 


WROUGHT IRON.—Wrought iron is made in a reverberatory furnace from pig iron or from 
molten metal taken directly from the blast furnace. The hearth of the reverberatory furnace is 
fettled with high grade iron ore or mill scale, which acts as an oxidizing agent for reducing the 
impurities. The puddling process may be divided into four stages: First or melting down stage, 
occupying about 30 minutes, during which the silicon and manganese are oxidized and a consider- 
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able part of the phosphorus is oxidized; all oxidized products unite with the slag. Second or 
clearing stage, occupying about 10 minutes, during which the remainder of the silicon and manga- 
nese, and more of the phosphorus are oxidized and removed from the pig iron. Third or boiling 
stage, occupying about 30 minutes, in which nearly all the carbon is removed and most of the 
remaining phosphorus is removed. Last or balling stage, occupying about 20 minutes, in which 
the metal is gathered by the puddler into balls weighing about 75 to 100 lb. 
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See ES 


Fic. 2.—MOoLpD FOR ARBITRATION TEST BAR. 


The puddled balls of iron and slag are hammered or are run through rolls to squeeze the slag 
from the balls, and the resulting bars are called muck bars. The muck bar is again reheated and | 
rerolled and the resulting product is commercial merchant bar. 

Wrought iron when broken in tension shows a fractured section irregular and fibrous. The 
strength of wrought iron varies with the chemical composition, the mechanical work and heat 
treatment it has received. ‘The strength of wrought iron is given in Table I, and the specifications 
for wrought-iron bars and plates as adopted by the American Society for Testing Materials are 
as follows: 


STANDARD SPECIFICATIONS FOR REFINED WROUGHT-IRON BARS 
OF THE ; 
AMERICAN SOCIETY FOR TESTING MATERIALS. 
ADOPTED AUGUST 25, I913. 


I. MANUFACTURE. 


1. Process. Refined wrought-iron bars shall be made wholly from puddled iron, and may 
consist either of new muck-bar iron or a mixture of muck-bar iron and scrap, but shall be free 
from any admixture of steel. 


I]. PHYSICAL PROPERTIES AND TESTS. 


2. Tension Tests. (a) The iron shall conform to the following minimum requirements as 
to tensile properties: 
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(See Section 5.) 


(6) The yield point shall be determined by the drop of the beam of the testing machine. 
The speed of the cross-head of the machine shall not exceed 14 in. per minute. 

3. Permissible Variations in Tensile Strength. Twenty per cent of the test specimens re- 
presenting one size may show tensile strengths 1000 Ib. per sq. in. under or 5000 lb. per sq. in. over 
that specified in Section 2; but no specimen shall show a tensile strength under 45,000 lb. per sq. in. 

4. Modifications in Tensile Strength. For flat bars which have to be reduced in width, a 
deduction of 1000 lb. per sq. in. from the tensile strength specified in Sections 2 and 3 shall be 
made. 

5. Permissible Variations in Elongation. Twenty per cent of the test specimens representing 
one size may show the following percentages of elongation in 8 in.: 


Rounp Bars. 
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FLAT Bars. 
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6. Bend Tests. (a) Cold-bend Tests—Cold-bend tests will be made only on bars having a 
nominal area of 4 sq. in. or under, in which case the test specimen shall bend cold through 180 deg. 
without fracture on the outside of the bent portion, around a pin the diameter of which is equal 
to twice the diameter or thickness of the specimen. 

(b) Hot-bend Tests——The test specimen, when heated to a temperature between 1700° and 
1800° F., shall bend through 180 deg. without fracture on the outside of the bent portion, as follows: 
For round bars under 2 sq. in. in section, flat on itself; for round bars 2 sq. in. or over in section 
and for all flat bars, around a pin the diameter of which is equal to the diameter or thickness of 
the specimen. 

(c) Nick-bend Tests—The test specimen, when nicked 25 per cent around for round bars, 
and along one side for flat bars, with a tool having a 60-deg. cutting edge, to a depth of not less 
than 8 nor more than 16 per cent of the diameter or thickness of the specimen, and broken, shall 
not show more than 10 per cent of the fractured surface to be crystalline. 

(d) Bend tests may be made by pressure or by blows. : 

7. Etch Tests.* The cross-section of the test specimen shall be ground or polished, and etched 
for a sufficient period to develop the structure. This test shall show the material to be free from 
"steel. 

*A solution of two parts water, one part concentrated hydrochloric acid, and one part con- 
centrated sulphuric acid is recommended for the etch test. 
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’ 8. Test Specimens. (a) Tension and bend test specimens shall be of the full section of 
material as rolled, if possible. Otherwise, the specimens shall be machined from the material 
as rolled; the axis of the specimen shall be located at any point one-half the distance from the 
center to the surface of round bars, or from the center to the edge of flat bars, and shall be parallel. 
to the axis of the bar. : 

(b) Etch test specimens shall be of the full section of material as rolled. 

9. Number of Tests. (a) All bars of one size shall be piled separately. One bar from each 
100 or fraction thereof will be selected at random and tested as specified. 

(b) If any test specimen from the bar originally selected to represent a lot of material, contains 
surface defects not visible before testing but visible after testing, or if a tension test specimen 
breaks outside the middle third of the gage length, one retest from a different bar will be allowed. 


III. PERMISSIBLE VARIATIONS IN GAGE. 


10. Permissible Variations. (a) Round bars shall conform tothe standard limit gages adopted 
by the Master Car Builders’ Association in 1883. 
(b) The width or thickness of flat bars shall not vary more than 2 per cent from that specified. 


IV. FINISH. 


11. Finish. The bars shall be smoothly rolled and free from slivers, depressions, seams, 
crop ends, and evidences of being burnt. 


V. INSPECTION AND REJECTION. 


12. Inspection. (a) The inspector representing the purchaser shall have free entry, at all 
times while work on the contract of the purchaser is being performed, to all parts of the manu- 
facturer’s works which concern the manufacture of the material ordered. The manufacturer 
shall afford the inspector, free of cost, all reasonable facilities to satisfy him that the material is 
being furnished in accordance with these specifications. Tests and inspection at the place of 
manufacture shall be made prior to shipment. 

(b) The purchaser may make the tests to govern the acceptance or rejection of material in 
his own laboratory orelsewhere. Such tests, however, shall be made at the expense of the purchaser. 

13. Rejection. All bars of one size will be rejected if the test specimens representing that 
size do not conform to the requirements specified. 


~STANDARD SPECIFICATIONS FOR WROUGHT-IRON PLATES 
OF THE 
AMERICAN SOCIETY FOR TESTING MATERIALS. 


ADOPTED AUGUST 25, 1913. 


1. Classes. These specifications cover two classes of wrought-iron plates, namely: 
Class A, as defined in Section 2 (d); 
Class B, as defined in Section 2 (c). 


I. MANUFACTURE. 


2. Process. (a) All plates shall be rolled from piles entirely free from any admixture of steel. 

(b) Piles for Class A plates shall be made from puddle bars made wholly from pig iron and 
such scrap as emanates from rolling the plates. 

(c) Piles for Class B plates shall be made from puddle bars made wholly from pig iron or 
from a mixture of pig iron and cast-iron scrap, together with wrought-iron scrap. 


II. PHYSICAL PROPERTIES AND TESTS. 


3. Tension Tests. The plates shall conform to the following minimum requirements as to 
tensile properties: 
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Crass B. 


Properties Considered. 6 In. to 24 In.,| Over 24 In. |6In.to 24 In.,} Over 24 In. 
_ Incl, to 90 In., Incl., 1 to 90 In., Incl., 
in Width. in Width. i dth. in Width. 


Wensile strength, Ib. per'sq. inz:-........ 
Elastic limit, lb. per sq. in 
Elongation in 8 in., per cent 


4. Modifications in Elongation. For plates under 4% in. in thickness, a deduction of 1 from 
the percentages of elongation specified in Section 3 shall be made for each decrease of ?s in. in 
thickness below 7% in. 

5. Bend Tests. (a) Cold-bend Tests——The test specimen shall bend cold through 90 deg. 
without fracture on the outside of the bent portion, as follows: For Class A plates, around a pin 
the diameter of which is equal to 13 times the thickness of the specimen; and for Class B plates, 
around a pin the diameter of which is equal to 3 times the thickness of the specimen. 

(b) Nick-bend Tests.—The test specimen, when nicked on one side and broken, shall show , 
for Class A plates a wholly fibrous fracture, and for Class B plates, not more than 10 per cent of 
the fractured surface to be crystalline. ; 

6. Test Specimens. Tension and bend test specimens shall be taken from the finished plates’ 
and shall be of the full thickness of plates as rolled. The longitudinal axis of the specimen shall 
be parallel to the direction in which the plates are rolled. 

7. Number of Tests. (a) One tension, one cold-bend and one nick-bend test shall be made 
for each variation in thickness of $ in. and not less than one test for every ten plates as rolled. 

(b) If any test specimen fails to conform to the requirements specified through an apparent 
local defect, a retest shall be taken; and should the retest fail, the plates represented by such test 
shall be rejected. 


Lue PUNISH: 


8. Finish. The plates shall be straight, smooth and free from cinder spots and holes, and 
free from injurious flaws, buckles, blisters, seams and laminations. 


IV. INSPECTION AND REJECTION. 


g. Inspection. (a) The inspector representing the purchaser shall have free entry at all 
times while work on the contract of the purchaser is being performed, to all parts of the manu- 
facturer’s works which concern the manufacture of the plates ordered. The manufacturer shall 
afford the inspector, free of cost, all reasonable facilities to satisfy him that the plates are being 
furnished in accordance with these specifications. Tests and inspection at the place of manu- 
‘facture shall be made prior to shipment. 

(6) The purchaser may make the tests to govern the acceptance or rejection of plates at his 
own laboratory or elsewhere. Such tests, however, shall be made at the expense of the purchaser. 


STEEL.—The three principal methods for the manufacture of steel are (1) the crucible 
process, (2) the Bessemer process, and (3) the open-hearth’ process. The crucible process is used 
for making tool steel. The Bessemer process is used for making structural steel, but on account 
of its requiring a high grade ore for a satisfactory steel, and the difficulty of control, it is now 
practically replaced by the open-hearth process. The following description of the methods of 
manufacture of steel is taken from Kent’s ‘‘ Mechanical Engineer’s Pocket-Book,” page 451, 8th 
Edition, 1910. 


The Manufacture of Steel.—Cast steel is a malleable alloy of iron, cast from a fluid mass. 

It is distinguished from cast iron, which is not malleable, by being much lower in carbon, and from 

wrought iron, which is welded from a pasty mass, by being free from intermingled slag. Blister 

steel is a highly carbonized wrought iron, made by the “ cementation,’’ process, which consists 

in keeping wrought-iron bars at a red heat for some days in contact with charcoal. Not over 2 

per cent of Cis usually absorbed. The surface of the iron is covered with small blisters, supposedly 
due to the action of carbon on slag. Other wrought steels were formerly made by direct processes 

from iron ore, and by the puddling process from wrought iron, but these steels are now replaced 

by cast steels. Blister steel is, however, still used as a raw material in the manufacture of crucible 

steel. Case-hardening is a process of surface cementation. 


‘ 
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Crucible Steel is commonly made in pots or crucibles holding about 80 pounds of metal. 
The raw material may be steel scrap; blister steel bars; wrought iron with charcoal; cast iron with 
wrought iron or with iron ore; or any mixture that will produce a metal having the desired chemical 
constitution. Manganese in some form is usually added to prevent oxidation of the iron. Some 
silicon is usually absorbed from the crucible, and carbon also if the crucible is made of graphite 
and clay. The crucible being covered, the steel is not affected by the oxygen or sulphur in the 
flame. The quality of crucible steel depends on the freedom from objectionable elements, such as 
phosphorus, in the mixture, on the complete removal of oxide, slag and blowholes by “ dead- 
melting ” or ‘‘ killing ’’ before pouring, and on the kind and quantity of different elements which 
are added in the mixture, or after melting, to give particular qualities to the steel, such as carbon, 
manganese, chromium, tungsten and vanadium. 

Bessemer Steel is made by blowing air through a bath of melted pig iron. The oxygen of 
the air first burns away the silicon, then the carbon, and before the carbon is entirely burned away, 
begins to burn the iron. Spiegeleisen or ferro-manganese is then added to deoxidize the metal 
and to give it the amount of carbon desired in the finished steel. In the ordinary or ‘acid ”’ 
Bessemer process the lining of the converter is a silicious material, which has no effect on phos- 
phorus, and all the phosphorus in the pig iron remains in the steel. In the “ basic ’’ or Thomas 
and Gilchrist process the lining is of magnesian limestone, and limestone additions are made to the 
bath, so as to keep the slag basic; and the phosphorus enters the slag. By this process ores that 
were formerly unsuited to the manufacture of steel have been made available. 

Open-hearth Steel. Any mixture that may be used for making steel in a crucible may also 
be melted on the open hearth of a Siemens regenerative furnace, and may be desiliconized and 
decarbonized by the action of the flame and by additions of iron ore, deoxidized by the addition 
of spiegeleisen or ferro-manganese, and recarbonized by the same additions or by pigiron. In the 
most common form of the process pig iron and scrap steel are melted together on the hearth, and 
after the manganese has been added to the bath it is tapped into the ladle. Inthe Talbot process 
a large bath of melted material is kept in the furnace, melted pig iron, taken from a blast furnace, 
is added to it, and iron ore is added which contributes its iron to the melted metal while its oxygen 
decarbonizes the pig iron. When the decarbonization has proceeded far enough, ferro-manganese 
is added to destroy iron oxide, and a portion of the metal is tapped out, leaving the remainder to 
receive another charge of pig iron, and thus the process is continued indefinitely. In the Duplex 
process melted cast iron is desiliconized in a Bessemer converter, and then run into an open 
hearth, where the steel-making operation is finished. 

The open-hearth process, like the Bessemer, may be either acid or basic, according to the 
character of the lining. The basic process is a dephosphorizing one, and is the one most generally 
available, as it can use pig irons that are either low or high in phosphorus. 


Strength of Steel—The properties most desired in steel are strength and ductility. Pure 
iron has a tensile strength of about 40,000 lb. per sq. in. and is very ductile. This strength is 
usually increased by the impurities found in steel. 

_ Carbon is the important impurity as it gives strength with the least decrease in ductility.” 
Campbell states that each 0.01 per cent of carbon will increase the strength of acid open-hearth 
steel by 1000 lb. per sq. in., and of basic open-hearth steel by 770 lb. per sq. in. The maximum 
tensile strength of steel is reached with 0.9 to I.0 per cent of carbon. 

Silicon has little effect on the strength of rolled steel, but in castings 0.3 to 0.4 per cent of 
silicon increases the tensile strength of steel castings and produces soundness. 

Sulphur has little effect on the strength of open-hearth steel, but.it produces “‘ red-shortness,”’ 
and produces checks and cracks during the rolling or during the cooling of castings. 

Phosphorus increases the static strength of steel about 1000 Ib. for each 0.01 per cent of 
phosphorus. The increase in strength is obtained at a great loss in ductility and produces a steel 
that is brittle and unreliable. 

Manganese when above 0.3 to 0.4 per cent increases the tensile strength of steel. The 
increase in strength above 0.4 per cent is about 300 lb. per sq. in. for acid open-hearth and 130 lb. 
per sq. in. for basic open-hearth steel for each additional 0.01 per cent of manganese. 

From the above discussion it will be seen that if certain physical characteristics are required 
in a steel the manufacturer must be left free to vary part of the impurities. For example if a 
high grade structural steel with an ultimate tensile strength of 60,000 lb. per sq. in. is desired, the 
phosphorus and sulphur may be limited in addition to the prescribed physical limits if the carbon 
is left open. 
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Formulas for Tensile Strength.—Campbell gives the following formulas for the strength of 
acid and basic open-hearth steels: 

For acid steel, Ultimate strength = 40,000 + 1000 C + 1000 P+ X.Mn-+ R. 

For basic steel, Ultimate strength = 41,500 + 770 C+ 1000 P+ X.Mn-} R. 

In these formulas, C = 0.01 per cent carbon, P = 0.01 phosphorus, Mn = o.o1 per cent 
manganese above 0.4 per cent for acid and above 0.3 per cent for basic steel, and R is a variable 
depending upon the heat treatment of the steel. The coefficient of Mn, X, varies as follows: 
For acid steel, for 0.10 per cent carbon, X = 80, and for 0.60 per cent carbon, X = 480 and pro- 
portional for intermediate values; while for basic steel, for 0.05 per cent carbon, X = 110, and for 
0.40 per cent carbon, X = 250 and proportional for intermediate values. 

Special Steels.—The following special steels have been used. Nickel is used as an alloy for 
structural and other kinds of steel, the specifications for structural nickel steel of the American 
Society for Testing Materials require that there be not less than 32 per cent of nickel. Chrome 
steel——carbon steel with about 0.5 per cent chromium—was used in the Eads bridge in 1871. Chro- 
mium is now used in combination with nickel, making Chromium-nickel steel; with vanadium, 
making Chromium-vanadium steel, and with both nickel and vanadium, making Chromium- 
nickel-vanadium steel. Copper steels are those having from I to 4 per cent of copper, carbon being 
less than I per cent. Manganese steel with from 6 to 12 per cent manganese is very tough and 
malleable. 

Specifications for Structural Steel——The allowable stresses for structural steel are given in 
Table I and in the specifications of the American Society for Testing Materials which follow. 

Allowable Stresses in Steel and Iron.—The allowable stresses ‘or steel frame mill buildings are 
given in the “‘Specifications for Steel Frame Buildings,” in Chapter I. The allowable stresses 
for steel office buildings are given in the ‘‘Specifications for Steel Office Buildings,” in Chapter IT. 
The allowable stresses for steel highway bridges are given in the ‘‘Specifications for Steel Highway 
Bridges,’ in Chapter III. The allowable stresses for steel railway bridges are given in the ‘‘Speci- 
fications for Steel Railway Bridges,” in Chapter IV. The allowable stresses in steel bins are 
given in Chapter VIII, p. 313. The allowable stresses for steel grain bins are given in Chapter 
IX, p. 326. The allowable stresses in steel head frames and coal tipples are given in the “Speci- 
fications for Steel Head Frames and Coal Tipples, Washers and Breakers,’’ in Chapter X. The 
allowable stresses in steel stand-pipes and elevated tanks are given in the ‘Specifications for 
Elevated Steel Tanks on Towers and for Stand-Pipes,” in Chapter XI. The allowable stresses 
for the steel and cast iron details in timber bridges are the same as for steel railway bridges given 
in Chapter IV. The allowable stresses in steel reinforcement are given on page 521. 

Nickel Steel—In a paper entitled ‘‘ Nickel Steel for Bridges” by Mr. J. A. L. Waddell, in 
Trans. Am. Soc. C. E., Vol. 63, June 1909, the allowable unit stress in Ib. per sq. in. for carbon 
steel is given as P = 18,000 — 70 J/r, and for nickel steel as P = 30,000 — 120 //r, where / is the 
length and r is the corresponding radius of gyration, both in inches. The impact coefficient 
adopted by Mr. Waddell is given on page 161, 
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CABLE I: 


STRENGTH PROPERTIES OF STRUCTURAL STEEL AND IRON—AMERICAN SOCIETY FOR TESTING 
MATERIALS, YEAR BOOK,. 1913. 


BRIDGES 
Structural Steel 


Rivet Steel 


BUILDINGS 
Structural Steel 


Rivet Steel 


SHIPS 
Structuralvotecl ws. wuss vests 


Rivet Steel 

BOILER AND RIVET STEEL 
Flange Steel .. se 
Firebox Steel 


Boiler Rivet Steel 


STRUCTURAL NICKEL STEEL 
Plates, Shapes and Bars. 2 


Eye-bars and rollers (unannealed) 


Eye-bars and Pins (annealed).... 
Rivet Steel 


Tensile Strength, Lb. Sq. Inv 


Minimum Elongation, 


Per 


Cent. 


Ultimate. 


Elastic Limit. 


In 8 In. 


Iny2 In. 


Reduction 
of Area, 
Per Cent. 


55,000-65,000 
48,000-58,000 
55,000-65,000 
48,000-58,000 
58,000-68,000 
55,000-65,000 
55,000-65,000 
52,000-62,000 


45,000-5 5,000 


85,000-100,000 


95,000-1 10,000 
90,000-105 ,000 


70,000-80,000 


BILLET-STEEL REINFORCEMENT BARS 


Structural 


Structural 
Deformed | 


Cold Twisted 


55,000-70,000 
80,000 min. 
55,000-70,000 


80,000 min. 


recorded only 


RAIL-STEEL REINFORCEMENT BARS 


Deformed and Hot-twisted 


WROUGHT IRON 
Refined Bars. 


GRAY IRON CASTINGS | 
Mish tu Gastrives cnnyse eee aca ns ‘ 
Medium Castings 
Heavy Castings 


MALLEABLE CASTINGS 


80,000 
80,000 


48,000 
47,000-49,000 


80,000 
70,000 
60,000 


18,000 
21,000 
24,000 


40,000 


ultimate 
ultimate 
ultimate 
4 ultimate 
ultimate 
ultimate 
ultimate 
4 ultimate 


4 ultimate 


50,000 


55,000 
52,000 
45,000 


33,000 
50,000 
33,000 


50,000 


55,000 
50,000 
50,000 


25,000 
26,000 


36,000 
31,500 
27,000 


,500,000 
ultimate 
1,5000,00 
ultimate 
,400,000 
ultimate 
1,400,000 
ultimate 
1,500,000 
ultimate 
500,000 
ultimate 
500,000 
ultimate 
500,000 
ultimate 
1,500,000 
ultimate 


eras 
Gace 
alanis 
feces 
(aimee 
ers 
(tomate 


(not greater than 30) 


1,500,000 


ultimate. 
1,500,000 


cea 


ers 


: ieee 000 
ultimate 


1,200,000 


ultimate 
1,250,000 


ultimate 
1,000,000 


ees 


1,200,000 


ultimate 
1,000,000 


ultimate 


ores 
(elena 
rer 
cae 
(almae 
(alta 
iit 
(Gance 
(ait 
hea 


ate) fs 16 


16 


20 


STANDARD SPECIFICATIONS FOR STRUCTURAL STEEL FOR BUILDINGS 
OF THE 
AMERICAN SOCIETY FOR TESTING MATERIALS. 
ADOPTED AUGUST 25, IQI3. 


I. MANUFACTURE. 


1. Process. (a) Structural steel, except as noted in Paragraph (b), may be made by the 
Bessemer or the open-hearth process. 

(b) Rivet steel, and steel for plates or angles over } in. in thickness which are to be punched, 
shall be made by the open-hearth process. 


Il- CHEMICAL PROPERTIES AND TESTS. 


2. Chemical Composition.. The steel shall conform to the following requirements as to 
chemical composition: 


STRUCTURAL STEEL. - RIvet STEEL. 
Bessemer....... NOE GYERO TO per Cent, 9 ay eee weer or 
Phosphorus { Open-hearth.... Se sOLOO a not over 0.06 per cent 
SIND Seed See ne ee eee ge hh erst ite te O-OA Sica 


3. Ladle Analyses. An analysis to determine the percentages of carbon, manganese, phos- 
phorus and sulphur shall be made by the manufacturer from a test ingot taken during the pouring 
of each melt, a copy of which-shall be given to the purchaser or his representative. This analysis 
shall conform to the requirements specified in Section 2. 

4. Check Analyses. Analyses may be made by the purchaser from finished material re- 
presenting each melt, in which case an excess of 25 per cent above the requirements specified in 
Section 2 shall be allowed. 


Hi eHysSiCAlL PROPERTIES AND TESTS. 


5. Tension Tests. (a) The material shall conform to the following requirements as to tensile 
properties: 


Properties Considered. 


Tensile strength, lb. per sq. in............. 
“é 


Yield point, min., e 
Elongation in 8 in., min., per cent 


| Elongation in 2 in. 


Structural Steel. 


Rivet Steel. 


55,000-65,000 
0.5 tens. str. 
1,400,000! 
Tens. str. 
22 


48,000-58,000 
0.5 tens. str. 
1,400,000 


Tens. str. 


(6) The yield point shall be determined by the drop of the beam of the testing machine. J 

6. Modifications in Elongation. (a) For structural steel over { in. in thickness, a deduction 
of 1 from the percentage of elongation in 8 in. specified in Section 5(a) shall be made for each 
increase of } in. in thickness above 3 in. 

(6) For structural steel under { in. in thickness, a deduction of 2.5 from the percentage of 
Beton in 8 in. specified in Section 5(a) shall be made for each decrease of 7 in. in thickness 

elow 35 in. 

7. Bend Tests. (a) The test specimen for plates, shapes and bars shall bend cold through 
180 deg. without cracking on the outside of the bent portion, as follows: For material 7 in. or under 
in thickness, flat on itself; for material over 4 in. to and including 1 in. in thickness, around a pin 
the diameter of which is equal to the thickness of the specimen; and for material over I¢ in, in 
thickness, around a pin the diameter of which is equal to twice the thickness of the specimen. _ 

(b) The test specimen for pins and rollers shall bend cold through 180 deg. around a I-in. 
pin without cracking on the outside of the bent portion. . : 

(c) The test specimen for rivet steel shall bend cold through 180 deg. flat on itself without 
cracking on the outside of the bent portion. 


1 See Section 6. 
oe 497 
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8. Test Specimens. (a) Tension and bend test specimens shall be taken from the finished 
rolled or forged material, and shall not be annealed or otherwise treated, except as specified in 
Paragraph (0). ? 

(b) Tension and bend test specimens for material which is to be annealed or otherwise treated 
before use, shall be cut from properly annealed or similarly treated short lengths of the full section 
of the piece. 

(c). Tension and bend test specimens for plates, shapes and bars, except as specified in Para- 
graph (d), shall be of the full thickness of material as rolled; and may be machined to the form and 
dimensions shown in Fig. 1, or with both edges parallel. 

ES 


Bi 
1 
f 


3 
(cf ees & 
Ve oe { section not less than 9” ut $% 
‘About 8 - Parallel section not less than - <Aboitt "> 


< 
' 
‘ 


Tak 


<S 
We eal 


' Fast 
} ‘Se YelHers Ete. 
t 


Ices ig 


Nezeeas ee eaey) 


(d) Tension and bend test specimens for plates and bars over 14 in. in thickness or diameter 
may be machined to a thickness or diameter of at least $ in. for a length of at least 9 in. 

(e) The axis of tension and bend test specimens for pins and rollers shall be 1 in. from the 
surface and parallel to the axis of the bar. Tension test specimens shall be of the form and di- 
mensions shown in Fig. 2. Bend test specimens shall be 1 by # in. in section. 

‘ (f) Tension and bend test specimens for rivet steel shall be of the full-size section of bars as 
rolled. 

g. Number of Tests. (a) One tension and one bend test shall be made from each melt; 
except that if material from one melt differs 3} in. or more in thickness, one tension and one bend 
test shall be made from both the thickest and the thinnest material rolled. 

(b) If any test specimen shows defective machining or develops flaws, or if an 8-in. tension 
test specimen breaks outside the middle third of the gage length, or if a 2-in. tension test specimen 
breaks outside the gage length, it may be discarded and another specimen substituted. 


IV. PERMISSIBLE VARIATIONS IN WEIGHT AND GAGE. 


10. Permissible Variations. The cross-section or weight of each piece of steel shall not vary 
more than 2.5 per cent from that specified; except in the case of sheared plates, which shall be 
covered by the following permissible variations to apply to single plates: 

(a) When Ordered to Weight.—For plates 123 lb. per sq. ft. or over: 

Under 100 in. in width, 2.5 per cent above or below the specified weight; 
100 in. in width or over, 5 per cent above or below the specified weight. 
For plates under 124 lb. per sq. ft.: 
Under 75 in. in width, 2.5 per cent above or below the specified weight; 
75 to 100 in., exclusive, in width, 5 per cent above or 3 per cent below the specified weight; 
100 in. in width or over, 10 per cent above or 3 per cent below the specified weight. 

(b) When Ordered to Gage.—The thickness of each plate shall not vary more than 0.01 in. 
under that ordered. 

An excess over the nominal weight corresponding to the dimensions on the order shall be 
allowed for each plate, if not more than that shown in the following table, one cubic inch of rolled 
steel being assumed to weigh 0.2833 lb.: 
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ALLOWABLE EXCESS (EXPRESSED AS PERCENTAGE OF NOMINAL WEIGHT). 
Thickness Nominal For Width of Plate as follows: 
Weight, Lb. 
Per Sq. Ft. | Under 50 | 50 to 70 | 70 In.or | Under 75 | 75 to 100 | roo to 115 | 115 In. or 
In. n., Excl. Over. In. In., Excl. | In., Excl. Over. 


5.10to 6.37 

6.37 “7.65 

7.65 “ 10.20 
10.20 
12.75 
15.30 
17.85 
20.40 
22.95 
25.50 
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16 
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mer 
16 
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Ven UNISE: 


11. Finish. The finished material shall be free from injurious defects and shall have a work- 
manlike finish. 
VI. MARKING. 


12. Marking. The name or brand of the manufacturer and the melt number shall be legibly 
stamped or rolled on all finished material, except that rivet and lattice bars and other small sections 
shall, when loaded for shipment, be properly separated and marked for identification. The 
identification marks shall be legibly stamped on the end of each pin and roller. The melt number 
shall be legibly marked, by stamping if practicable, on each test specimen. 


VII. INSPECTION AND REJECTION. 


13. Inspection. The inspector representing the purchaser shall have free entry, at all times 
while work on the contract of the purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the material ordered. The manufacturer shall afford 
the inspector, free of cost, all reasonable facilities to satisfy him that the material is being furnished 
in accordance with these specifications. All tests (except check analyses) and inspection shall be 
made at the place of manufacture prior to shipment, unless otherwise specified, and shall be so 
conducted as not to interfere unnecessarily with the operation of the works. 

14. Rejection. (a) Unless otherwise specified, any rejection based on tests made in ac- 
cordance with Section 4 shall be reported within five working days from the receipt of samples. 

(6) Material which shows injurious defects subsequent to its acceptance at the manufacturer’s 
works will be rejected, and the manufacturer shall be notified. 

15. Rehearing. Samples tested in accordance with Section 4, which represent rejected 
material, shall be preserved for two weeks from the date of the test report. In case of dissatis- 
faction with the results of the tests, the manufacturer may make claim for a rehearing within that 
time. 


STANDARD SPECIFICATIONS FOR STRUCTURAL STEEL FOR BRIDGES 
OF THE 
AMERICAN SOCIETY FOR TESTING MATERIALS. 
ADOPTED AUGUST 25, 1913. 


I. MANUFACTURE. 


1. Steel Castings. The Standard Specifications for Steel Castings adopted by the American 
Society for Testing Materials, are hereby made a part of these specifications, and shall govern the 
purchase of steel castings for bridges.* 

2. Process. The steel shall be made by the open-hearth process. 

* In using the Standard Specifications for Steel Castings for the purchase of castings for bridges, 
it is necessary to specify both the class and grade of casting desired. 


» 


500 — ENGINEERING MATERIALS. CHap. XV. 


II. CHEMICAL PROPERTIES AND TESTS. 


3. Chemical Composition. The steel shall conform. to the following requirements as to 
chemical composition: sae 


STRUCTURAL STEEL. RIVET STEEL. 
Poss INCI. Fa ee eas not over 0.06 not over 0.04 per cent. 
SRP B CRUE) Basic eo. tenes ‘RES OOH! . , 0.04 “ 
Sulphuresec tances. keene me he tO O05, 0.04 


4. Ladle Analyses. An analysis to determine the percentages of carbon, manganese, phos- 
phorus and sulphur shall be made by the manufacturer from a test ingot taken during the pouring 
of each melt, a copy of which shall be given to the purchaser or his representative. This analysis 
shall conform to the requirements specified in Section 3. 

5. Check Analyses. Analyses may be made by the purchaser from finished material repre- 
senting each melt, in which case an excess of 25 per cent above the requirements specified in 
Section 3 shall be allowed. 


Ill PHYSICAL PROPERTIES AND ETESIS: 


6. Tension Tests. (a) The material shall conform to the following requirements as to tensile 
properties: 


Properties Considered. Structural Steel. Rivet Steel. 


Tensile strength, Ib. per sq. in 55,000—-65,000 48,000—5 8,000 
Waeldinoimtiminy ll bsperisq. ams... a coc sion 0.5 tens. str. 0.5 tens. str. 
1,500,000! 1,500,000 
Tens. str. Tens. str. 
Elongation in 2 in., min., per cent......... 22 


Elongation in 8 in., min., per cent 


(b) The yield point shall be determined by the drop of the beam of the testing machine. 

7. Modifications in Elongation. (a) For structural steel over ¢ in. in thickness, a deduction 
of 1 from the percentage of elongation in 8 in. specified in Section 6 (a), shall be made for each 
increase of } in. in thickness above # in. 

(6) For structural steel under 3% in. in thickness, a deduction of 2.5 from the percentage of 
elongation in 8 in. specified in Section 6 (a), shall be made for each decrease of #5 in. in thickness 
below 3 in. 

8. Bend Tests. (a) The test specimen for plates, shapes, and bars shall bend cold through 
180 deg. without cracking on the outside of the bent portion, as follows: For material ? in. or under 
in thickness, flat on itself; for material over $ in. to and including 14 in. in thickness, around a pin 
the diameter of which is equal to the thickness of the specimen; and for material over I+ in. in 
thickness, around a pin the diameter of which is equal to twice the thickness of the specimen. 

(b) The test specimen for pins and rollers shall bend cold through 180 deg. around a I-in. 
pin without cracking on the outside of the bent portion. ; 

(c) The test specimen for rivet steel shall bend cold through 180 deg. flat on itself without 
cracking on the outside of the bent portion. 

9. Tests of Angles. Angles ? in. or under in thickness shall open flat, and angles 4 in. or 
under in thickness shall bend shut, cold, under blows of a hammer without cracking. This test 
shall be made only when required by the inspector. 

10. Test Specimens. (a) Tension and bend test specimens shall be taken from the finished 
rolled or forged material, and shall not be annealed or otherwise treated, except as specified in 
Paragraph (0). 

(b) Tension and bend test specimens for material which is to be annealed or otherwise treated 
mee use, shall be cut from properly annealed or similarly treated short lengths of the full section 
of the piece. 

(c) Tension and bend test specimens for plates, shapes and bars, except as specified in Para- 
graph (d), shall be of the full thickness of material as rolled. They may be machined to the form 
and dimensions shown in Fig. 1, or with both edges parallel; except that bend test specimens for 
eye-bar flats may have three rolled sides. 

(d) Tension and bend test specimens for plates and bars (except eye-bar flats) over 14 in. in 
ee or diameter may be machined to a thickness or diameter of at least 3 in. for a length of at 
east 9 In. 


1 See section 7. 
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(e) The axis of tension and bend test specimens for pins and rollers shall be 1 in. from the 
surface and parallel to the axis of the bar. Tension test specimens shall be of the form and di- 
mensions shown in Fig. 2. Bend test specimens shall be 1 by } in. in section. 
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‘ Me Tension and bend test specimens for rivet steel shall be of the full-size section of bars as 
rolled. 

11. Number of Tests. (a) One tension and one bend test shall be made from each melt; 
except that if material from one melt differs ? in. or more in thickness, one tension and one bend 
test shall be made from both the thickest and the thinnest material rolled. E 

(6) If any test specimen shows defective machining or develops flaws, or if an 8-in. tension 
test specimen breaks outside the middle third of the gage length, or if a 2-in. tension test specimen 
breaks outside the gage length, it may be discarded and another specimen substituted. 


IV. PERMISSIBLE VARIATIONS IN WEIGHT AND GAGE. 


12. Permissible Variations. The cross-section or weight of each piece of steel shall not vary 
more than 2.5 per cent from that specified; except in the case of sheared plates, which shall be 
covered by the following permissible variations to apply to single plates: 

(a) When Ordered to Weight.—For plates 123 lb. per sq ft. or over: 

Under 100 in. in width, 2.5 per cent above or below the specified weight; 
100 in. in width or over, 5 per cent above or below the specified weight. 
For plates under 123 lb. per sq. ft.: 
Under 75 in. in width, 2.5 per cent above or below the specified weight; 
75 to 100 in., exclusive, in width, 5 per cent above or 3 per cent below the specified weight; 
100 in. in width or over, 10 per cent above or 3 per cent below the specified weight. 

(b) When Ordered to Gage—The thickness of each plate shall not vary more than 0.or in. 
under that ordered. 

An excess over the nominal weight corresponding to the dimensions on the order shall be 
allowed for each plate, if not more than that shown in the following table, one cubic inch of rolled 
steel being assumed to weigh 0.2833 lb.: 


Woo GUUNGIS Val. 


13. Finish. The finished material shall be free from injurious defects and shall have a work- 
manlike finish. 


VI. MARKING. 


14. Marking. The name or brand of the manufacturer and the melt number shall be legibly 
stamped or rolled on all finished material, except that rivet and lattice bars and other small 
sections shall, when loaded for shipment, be properly separated and marked for identification. 
The identification marks shall be legibly stamped on the end of each pin and roller. The melt 
number shall be legibly marked, by stamping if practicable, on each test specimen. 


‘ 
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ALLOWABLE EXCESS (EXPRESSED AS PERCENTAGE OF NOMINAL WEIGHT). 
Thickness Nominal For Width of Plate as follows: ° 
Ordered, Weight, Lb. 


In. Per Sq. Ft. | Under 50 | 50 to 70 | 70 In. or | Under 75 | 75 to 100 | 100 to 115 | 115 In. or 
In. In., Excl. O In. In., Excl. | In., Excl. Over. 


5.10 to 6.37 

6.37 “ 7.65 

7.65 “ 10.20 
10.20 
12.75 
15.30 
17.85 
20.40 
22.95 
25.50 
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VII. INSPECTION AND REJECTION. 


15. Inspection. The inspector representing the purchaser shall have free entry, at all times 
while work on the contract of the purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the material ordered. The manufacturer shall afford 
the inspector, free of cost, all reasonable facilities to satisfy him that the material is being furnished 
in accordance with these specifications. All tests (except check analyses) and inspection shall be 
made at the place of manufacture prior to shipment, unless otherwise specified, and shall be so 
conducted as not to interfere unnecessarily with the operation of the works. 

16. Rejection. (a) Unless otherwise specified, any rejection based on tests made in accord- 
ance with Section 5 shall be reported within five working days from the receipt of samples. 

(b) Material which shows injurious defects subsequent to its acceptance at the manufacturer’s 
works will be rejected, and the manufacturer shall be notified. 

17. Rehearing. Samples tested in accordance with Section 5, which represent rejected 
material, shal! be preserved for two weeks from the date of the test report. In case of dissatis- 
faction with the results of the tests, the manufacturer may make claim for a rehearing within that 
time. 


STANDARD SPECIFICATIONS FOR STRUCTURAL NICKEL STEEL 
OF THE 
AMERICAN SOCIETY FOR TESTING MATERIALS. 
ADOPTED AUGUST 25, I913. 


I. MANUFACTURE. 


1. Process. The steel shall be made by the open-hearth process. 
2. Discard. A sufficient discard shall be made from each ingot intended for eye-bars to 
secure freedom from injurious piping and undue segregation. 


II. CHEMICAL PROPERTIES AND TESTS. 


3. Chemical Composition. The steel shall conform to the following requirements as to 
chemical composition: 


STRUCTURAL STEEL. RIvEtT STEEL. 

ATOM Mere ercaarae ee kOe Te «ate sien nia not over 0.45 not over 0.30 per cent 
NiAngan eS Naor Hee ee SON OES SEN ORZO Site ce OC Omens 
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Nickel Se os Romer ar ote oe not under 3.25 not under 3.25 “ 


4 Ladle Analyses. An analysis shall be made by the manufacturer from a test ingot taken 
during the pouring of each melt. A copy of this analysis shall be given to the purchaser or his 
representative. This analysis shall conform to the requirements specified in, Section 3. 
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5. Check Analyses. A check analysis may be made by the purchaser from finished material 
fepresenting each melt, and this analysis shall conform to the requirements specified in Section 3. 
III. PHYSICAL PROPERTIES AND TESTS. 


6. Tension Tests. (a) The steel shall conform to the following requirements as to tensile 
properties: : 


TENSILE PPOPERTIES FROM SPECIMEN TESTS. 


Properties Considered. Rivets. Plates, Shapes Eye- Bars andRol- Eye-Bars® and 
P AMES and Bars. lers,° Unannealed. | Pins,° Annealed. 


Tensile strength, Ib. per sq. in.. .!70,000-80,000) 85,000-100,000 | 95,000-110,000 | 90,000-105,000 
Yield point, min., lb. per sq. in.. 45,000 50,000 55,000 52,000 


1,500,000 1,500,0008 1,500,000° 
lee Tens. Str. Tens. Str. 
Elongation in 2 in., min., per cent. 16 20 
Reduction of area min., per cent.. 25 35 


Elongation in 8 in., min., per cent. 20 


* Tests of annealed specimens of eye-bars shall be made for information only. 

5 See Section 7. 

¢ Elongation shall be measured in 2 in. 

(6) The yield point shall be determined by the drop of the beam of the testing machine. 

7. Modifications in Elongation. For plates, shapes and unannealed bars over I in. in thick- 
ness, a deduction of 1 from the percentage of elongation specified in Section 6 shall be made for 
each increase of 3 in. in thickness above I in., to a minimum of 14 per cent. 

8. Character of Fracture. All broken tension test specimens shall show either a silky or a 
very fine granular fracture, of uniform color, and free from coarse crystals. 

g. Bend Tests. (a) The test specimen for plates, shapes and bars shall bend cold through 
180 deg. without fracture on the outside of the bent portion, as follows: For material $ in. or under 
in thickness, around a pin the diameter of which is equal to the thickness of the specimen; and for 
material over { in. in thickness, around a pin the diameter of which is equal to twice the thickness 
of the specimen. 

(6) The test specimen for pins and rollers shall bend cold through 180 deg. around a I in. 
pin, without fracture on the outside of the bent portion. 

(c) The test specimen for rivet steel shall bend cold through 180 deg. flat on itself without 
cracking on the outside of the bent portion. 

10. Tests of Angles. (a) Angles with 4 in. legs or under, and 3} in. or under in thickness, 
shall open flat or bend shut, cold, under the blows of a hammer without cracking. 

(b) Angles with legs over 4 in., or over } in. in thickness, shall open to an angle of 150 deg., 
or close to an angle of 30 deg., cold, under the blows of a hammer without cracking. 

11. Drift Tests. Punched rivet holes pitched two diameters from a planed edge shall stand 
drifting until the diameter is enlarged 50 per cent without cracking the metal. 

12. Test Specimens. (a) Tension and bend test specimens shall be taken from the finished 
rolled or forged material. Specimens for pins shall be taken after annealing. 

(b) Tension and bend test specimens for plates, shapes and bars, except as specified in Para- 
graph (c), shall be of the full thickness of material as rolled. They may be machined to the form 
and dimensions shown in Fig. 1, or with both edges parallel; except that bend test specimens shall 
not be less than 2 in. in width, and that bend test specimens for eye-bar flats may have three 
rolled sides. 
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(c) Tension and bend test specimens for plates and bars (except eye-bar flats) over I} in. in 
thickness or diameter may be machined to a thickness or diameter of at least { in. for a length of 


at least 9 in. 
~ 


504 


ENGINEERING MATERIALS. 


CHap. XV. 


(d) The axis of tension and bend test specimens for pins and rollers-shall be 1 in. from the _ 
surface and parallel to the axis of the bar. Tension test specimens shall be of the form and dimen- ~ 


sions shown in Fig. 2. 


Bend test specimens shall be 1 by # in. in section. 


(e) Tension and bend test specimens for rivet steel shall be of the full-size section of bars as 


tolled. 
13. Number of Tests. 


(a) One tension and one bend test shall be made from each melt; 


except that if material from one melt differs } in. or more in thickness, one tension and one bend 
test shall be made from both the thickest and the thinnest material rolled. 

(b) If any test specimen shows defective machining or develops flaws, or if an 8-in. tension 
test specimen breaks outside the middle third of the gage length, or if a 2-in. tension test specimen 
breaks outside the gage length, it may be discarded and another specimen substituted. 


” 


” 


: ” ’ i 
ie ---34-——- ~ 6 Ye ———— So SS nnn nanan Yy penne Yenn ant 
! ' 

' ! 
J 


1 
1 "ot 


' n 
tea Tye he wwe m dvwmeenan 2m nn enw ennnnne eSB. 


Fic: 2. 


IV. PERMISSIBLE VARIATIONS IN WEIGHT AND GAGE. 


14. Permissible Variations. 


The cross section or weight of each piece of steel shall not vary 


more than 2.5 per cent from that specified; except in the case of sheared plates, which shall be 
covered by the following permissible variations to apply to single plates: 


« 


(a) When Ordered to Weight.—For plates 12} lb. per sq. ft. or over: 


Under 100 in. in width, 2.5 per cent above or below the specified weight; 
100 in. in width and over, 5 per cent above or below the specified weight. 


For plates under 123 lb. per sq. ft.: 


Under 75 in. in width, 2.5 per cent above or below the specified weight; 
75 to 100 in. in width, 5 per cent above or 3 per cent below the specified weight; 
100 in. in width and over, 10 per cent above or 3 per cent below the specified weight. 
(b) When Ordered to Gage-—The thickness of each plate shall not vary more than 0.o1 in. 


below that ordered. 


An excess over the nominal weight corresponding to the dimensions on the order shall be 
allowed for each plate, if not more than that shown in the following table, one cubic inch of rolled 


steel being assumed to weigh 0.2833 lb.: 


Thickness Nominal 
Weight, Lb. 


Per Sq. Ft. 50 to 70 


Under 50 
In. In., Excl. 


BeTOmRO..0:37; 10 
6.37 “ 7.65 8.5 
7.65 “ 10.20 7 
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V. 


ALLOWABLE EXCESS (EXPRESSED AS PERCENTAGE OF NOMINAL WEIGHT). 


For Width of Plate as follows: 


75 to 100 
In., Excl. 


100 to II5 


1r5 In. or 
In., Excl. 


70 In. or | Under 75 
n Over. 


In. 


SAP AN WO: 
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FINISH. 


15. Finish. The finished material shall be free from injurious seams, slivers, flaws and other 


defects, and shall have a workmanlike finish. 
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VI. MARKING. 


16. Marking. The name or brand of the manufacturer and the melt number shall be legibly 
stamped or rolled on all finished material, except that rivet and lattice bars and other small sections 
shall, when loaded for shipment, be properly separated and marked for identification. The 
identification marks shall be legibly stamped on the end of each pin and roller. The melt number 
shall be legibly marked, by stamping if practicable, on each test specimen. 


VII. INSPECTION. 


17. Inspection. The inspector representing the purchaser shall have free entry, at all times 
while work on the contract of the purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the material ordered. The manufacturer shall afford 
the inspector, free of cost, all reasonable facilities to satisfy him that the material is being furnished 
in accordance with these specifications. All tests (except check analyses) and inspection shall be 
made at the place of manufacture prior to shipment, unless otherwise specified, and shall be so 
conducted as not to interfere unnecessarily with the operation of the works. 

18. Rejection. (a) Unless otherwise specified, any rejection based on tests made in accord- 
ance with Section 5 shall be reported within five working days from the receipt of samples. 

(6) Material which shows injurious defects subsequent to its acceptance at the manufacturer’s 
works will be rejected and the manufacturer shall be notified. 

19. Rehearing. Samples tested in accordance with Section 5, which represent rejected 
material, shall be preserved for two weeks from the date of the test report. In case of dissatis- 
faction with the results of the tests, the manufacturer may make claim for a rehearing within that 


time. 5 
Vile RULE SIZESTESTS: 


20. Tests of Eye-Bars. (a) Full size tests of annealed eye-bars shall conform to the following 
requirements as to tensile properties: 


Menciersrrenothe lbs per SG. IMs... afods sree Cosh oo we enters eles 85,000—100,000 
Wheldepomirmaun. la per Ss 1M. sey esemia mais Sips wus goede adee arauee 48,000 
Pore dteronemerOnlt... MLM. DCF CMt says +o sec, oc slo wiersicin int ee ee ee 10 
NeUuCHONFOlarealemin=,. PEt Cen tac aisle csc n.cthlo nisl ensued else eee 30 


(0) The yield point shall be determined by the halt of the gage of the testing machine. 


STANDARD SPECIFICATIONS FOR BOILER RIVET STEEL 
OF THE 
AMERICAN SOCIETY FOR TESTING MATERIALS. 
ApopTeD AUGUST 25, I913. 
A. Requirements for Rolled Bars. 


I. MANUFACTURE. 
1. Process. The steel shall be made by the open-hearth process. 


IJ. CHEMICAL PROPERTIES AND TESTS. 


2. Chemical Composition. The steel shall conform to the following requirements as to 
chemical composition: 
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3. Ladle Analyses. An analysis to determine the percentages of carbon, manganese, phos- 
phorus and sulphur shall be made by the manufacturer from a test ingot taken during the pouring 
of each melt, a copy of which shall be given to the purchaser or his representative. This analysis 


shall conform to the requirements specified in Section 2. ; } 
4. Check Analyses. A check analysis may be made by the purchaser from finished material 
representing each melt, and this analysis shall conform to the requirements specified in Section 2. 


III. PHYSICAL PROPERTIES AND TESTS. 
5. Tension Tests. (a) The bars shall conform to the following requirements as to tensile 
properties: 


‘ 
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Tensile strength, Ib. petisc.) iron. clei oe aioe epee eel telots) reer 45,000-55,000 
Vield: porntismin., lb-gpetysq):itly. ners derac tates cnmeieieylee cienyenteys 0.5 tens. str. 
“I,500,000 
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(But need not exceed 30 per cent) 


(b) The yield point shall be determined by the drop of the beam of the testing machine. 

6. Bend Tests. (a) Cold-bend Tests—The test specimen shall bend cold through 180 deg. 
flat on itself without cracking on the outside of the bent portion. 

(b) Quench-bend Tests——The test specimen, when heated to a light cherry red as seen in the 

dark (not less than 1200° F.), and quenched at once in water the temperature of which is between - 
80° and go° F., shall bend through 180° flat on itself without cracking on the outside of the bent 
ortion. 

’ 7. Test Specimens. Tension and bend test specimens shall be of the full-size section of 
material as rolled. 

8. Number of Tests. (a) Two tension, two cold-bend, and two quench-bend tests shall be 
made from each melt, each of which shall conform to the requirements specified. 

(b) If any test specimen develops flaws, or if a tension test specimen breaks outside the middle 
third of the gage length, it may be discarded and another specimen substituted. 


IV. PERMISSIBLE VARIATIONS IN GAGE. 


9. Permissible Variations. The gage of each bar shall not vary more than 0.01 in. from that 
specified. 


V. WORKMANSHIP AND FINISH. 


10. Workmanship. The finished bars shall be circular within 0.01 in. ~ 
11. Finish. The finished bars shall be free from injurious defects, and shall have a workman-: 
like finish. 


VI. MARKING. 


12. Marking. Rivet bars shall, when loaded for shipment, be properly separated and marked 
with the name or brand of the manufacturer and the melt number for identification. The melt 
number shall be legibly marked, by stamping if practicable, on each test specimen. 


VII. INSPECTION AND REJECTION. 


13. Inspection. The inspector representing the purchaser shall have free entry, at all times 
while work on the contract of the purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the bars ordered. The manufacturer shall afford the 
inspector, free of cost, all reasonable facilities to satisfy him that the bars are being furnished in 
accordance with these specifications. All tests (except check analyses) and inspection shall be 
made at the place of manufacture prior to shipment, unless otherwise specified, and shall be so 
conducted as not to interfere unnecessarily with the operation of the works. 

14. Rejection. (a) Unless otherwise specified, any rejection based on tests made in accord- 
ance with Section 4 shall be reported within five working days from the receipt of samples. 

(6) Bars which show injurious defects subsequent to their acceptance at the manufacturer’s 
works will be rejected, and the manufacturer shall be notified. 

15. Rehearing. Samples tested in accordance with Section 4, which represent rejected bars, 
shall. be preserved for two weeks from the date of the test report. In case of dissatisfaction with 
the results of the tests, the manufacturer may make claim for a rehearing within that time. 


B. Requirements for Rivets. 
I. PHYSICAL PROPERTIES AND TESTS. \ 


16. Tension Tests. The rivets, when tested, shall conform to the requirements as to tensile 
properties specified in Section 5, except that the elongation shall be measured on a gage length not 
less than four times the diameter of the rivet. 

17. Bend Tests. The rivet shank shall bend cold through 180 degrees flat on itself without 
cracking on the outside of the bent portion. 

18. Flattening Tests. The rivet heads shall flatten, while hot, to a diameter 23 times the 
diameter of the shank without cracking at the edges. 

19. (a) When specified, one tension test shall be made from each size in each lot of rivets 
offered for inspection. 
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(b) Three bend and three flattening tests shall be made from each size in each lot of rivets 
offered for inspection, each of which shall conform to the requirements specified. 


II. WORKMANSHIP AND FINISH. 


20. Workmanship. Rivets shall be true to form, concentric, and shall be made in a work- 
manlike manner. 
21. Finish. The finished rivets shall be free from injurious defects. 


III. INSPECTION AND REJECTION. 


22. Inspection. The inspector representing the purchaser shall have free entry, at all times 
while work on the contract of the purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the rivets ordered. The manufacturer shall afford the 
inspector, free of cost, all reasonable facilities to satisfy him that the rivets are being furnished in 
accordance with these specifications. All tests and inspection shall be made at the place of manu- 
facture prior to shipment, unless otherwise specified, and shall be so conducted as not to interfere 
unnecessarily with the operation of the works. 

23. Rejection. Rivets which show injurious defects subsequent to their acceptance at the 
manufacturer’s works will be rejected, and the manufacturer shall be notified. 


STANDARD SPECIFICATIONS FOR BILLET-STEEL REINFORCEMENT BARS* 
OF THE 
AMERICAN SOCIETY FOR TESTING MATERIALS. 
ADOPTED AUGUST 25, 1913. 


1. Classes. (a) These specifications cover three classes of billet-steel concrete reinforcement 
bars, namely: plain, deformed, and cold-twisted. 

(b) Plain and deformed bars are of two grades, namely: structural steel and hard. 

-2. Basis of Purchase. (a) The hard grade will be used only when specified. 

(6) If desired, cold-twisted bars may be purchased on the basis of tests of the hot-rolled bars 
before twisting, in which case such tests shall govern and shall conform to the requirements speci- 
fied for plain bars of structural steel grade. 


I. MANUFACTURE. 


3. Process. (a) The steel may be made by the Bessemer or the open-hearth process. 

(6) The bars shall be rolled from new billets. No rerolled material will be accepted. 

4. Cold-twisted Bars. Cold-twisted bars shall be twisted cold with one complete twist in a 
length not over 12 times the thickness of the bar. 


Il. CHEMICAL PROPERTIES AND TESTS. 


5. Chemical Composition. The steel shall conform to the following requirements as to 
chemical composition: 
Bessementie:. <r. - ces not over 0.10 per cent 
Phosphorus { Goon hencth Res) eke elma: SOLOS Miners 


6. Ladle Analyses. An analysis to determine the percentage of carbon, manganese, phos- 
phorus and sulphur, shall be made by the manufacturer from a test ingot taken during the pouring 
of each melt, a copy of which shall be given to the purchaser or his representative. This analysis 
shall conform to the requirements specified in Section 5. 

7. Check Analyses. Analyses may be made by the purchaser from finished bars representing 
each melt of open-hearth steel, and each melt, or lot of ten tons, of Bessemer steel, in which case an 
excess of 25 per cent above the requirements specified in Section 5 shall be allowed. 


IlleePHYSICAL, PROPERTIES AND TESTS: 
8. Tension Tests. (a) The bars shall conform to the following requirements as to tensile 
properties: 
*For the American Railway Engineering Association specifications for steel reinforcement, 
see Chapter VI, p. 272. 


‘ 
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TENSILE PROPERTIES. 


Plain Bars. Deformed Bars. 


Cold-twisted 


Structural Steel | pard Grade. | Structural Steel | tard Grade. Bars. 
Grade. Grade. 


Properties Considered. 


Tensile strength, Ib. : ¢ 7 
per sq. in 55,000~70,000 | 80,000 min. | 55,000-70,000 | 80,000 min. |Recorded 


only. 
Yield point, min., lb. : 
PET SGuilils. eer 33,000 50,000 33,000 50,000 55,000 


Elongation in 8 in., 


: 1,400,000! 1,200,000! 1,250,000! 1,000,000! 
min., per cent. .... —— 


Tens. str. Tens. str. Tens. str. Tens. str. 


(b) The yield point shall be determined by the drop of the beam of the testing machine. 

9. Modifications in Elongation. (a) For plain and deformed bars over ¢ in. in thickness 
or diameter, a deduction of 1 from the percentages of elongation specified in Section 8 (a) shall be 
made for each increase of } in. in thickness or diameter above ¢ in. 

(0) For plain and deformed bars under 3g in. in thickness or diameter, a deduction of 1 from 
the percentages of elongation specified in Section 8 (a) shall be made for each decrease of 7 in. in 
thickness or diameter below 7% in. 

10. Bend Tests. The test specimen shall bend cold around a pin without cracking on the 
outside of the bent portion, as follows: 


BEND TEST REQUIREMENTS. 


Plain Bars. Deformed Bars. 


Cold-twisted 


Structural Structural Bars. « 
Steel Grade. Oe Steel Grade. Hard Grade. 


Thickness or Diameter of Bar. 


180 deg. 180 deg. 180 deg. 180 deg. 180 deg. 
d=t d=3t d=t d=4t d=2t 
180 deg. go deg. go deg.* go deg. 180 deg. 


Wunders ait. 


rah 
# in. or over 
£ d=t 


d=3t d=2t d=4t d=3t 


EXPLANATORY NOTE: d = the diameter of pin about which the specimen is bent; 
t = the thickness or diameter of the specimen. 


11. Test Specimens. (a) Tension and bend test specimens for plain and deformed bars 
shall be taken from the finished bars, and shall be of the full thickness or diameter of material as 
rolled; except that the specimens for deformed bars may be machined for a length of at least 9 in., 
if deemed necessary by the manufacturer to obtain uniform cross-section. 

(b) Tension and bend test specimens for cold-twisted bars shall be taken from the finished 
bars, without further treatment; except as specified in Section 2 (0). 

12. Number of Tests. (a) One tension and one bend test shall be made from each melt of 
open-hearth steel, and from each melt, or lot of ten tons, of Bessemer steel; except that if material 
from one melt differs 2 in. or more in thickness or diameter, one tension and one bend test shall be 
made from both the thickest and the thinnest material rolled. 

(b) If any test specimen shows defective machining or develops flaws, or if a tension test 
specimen breaks outside the middle third of the gage length, it may be discarded and another 
specimen substituted. 


IV. PERMISSIBLE VARIATIONS IN WEIGHT. 


13. Permissible Variations. The weight of any lot of bars shall not vary more than 5 per 
cent from the theoretical weight of that lot. 


1See Section 9. 
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V. FINISH. 
14. Finish. The finished bars shall be free from injurious defects and shall have a workman- 


like finish. 
VI. INSPECTION AND REJECTION. 


15. Inspection. The inspector representing the purchaser shall have free entry, at all times 
while work on the contract of the purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the bars ordered.. The manufacturer shall afford the 
inspector, free of cost, all reasonable facilities to satisfy him that the bars are being furnished in 
accordance with these specifications. All tests (except check analyses) and inspection shall be 
made at the place of manufacture prior to shipment, unless otherwise specified, and shall be so 
conducted as not to interfere unnecessarily with the operation of the works. 

16. Rejection. (a) Unless otherwise specified, any rejection based on tests made in accord- 
ance with Section 7 shall be reported within five working days from the receipt of samples. 

(®) Bars which show injurious defects subsequent to their acceptance at the manufacturer’s 
works will be rejected, and the manufacturer shall be notified. 

17. Rehearing. Samples tested in accordance with Section 7, which represent rejected bars, 
shall be preserved for two weeks from the date of the test report. In case of dissatisfaction with 
the results of the tests, the manufacturer may make claim for a rehearing within that time. 


STANDARD SPECIFICATIONS FOR RAIL-STEEL REINFORCEMENT BARS 
OF THE 
AMERICAN SOCIETY FOR TESTING MATERIALS. 
ADOPTED AUGUST 25, I9I3. 


1. Classes. These specifications cover three classes of rail-steel concrete reinforcement bars, 
namely: plain, deformed, and hot-twisted. 
I. MANUFACTURE. 


2. Process. The bars shall be rolled from standard section Tee rails. : 
3. Hot-twisted Bars. Hot-twisted bars shall have one complete twist in a length not over 
12 times the thickness of the bar. 


Il. PHYSICAL PROPERTIES AND TESTS. 


4. Tension Tests. (a) The bars shall conform to the following minimum requirements as to 
tensile properties: 


Properties Considered. Plain Bars. Deformed and Hot-twisted Bars. 


Tensile strength, Ib. per sq. in....... 80,000 80,000 
Naieldpomtyibapersqsin...+-...<-- 50,000 50,000 
1,200,000 1,000,000 


longation in 8 in. s - 
Elong n 8 in., per cent Monel ete Tens. str. 


(b) The yield point shall be determined by the drop of the beam of the testing machine. 
5. Modifications in Elongation. (a) For bars over { in. in thickness or diameter, a deduction 
of 1 from the percentages of elongation specified in Section 4 (a) shall be made for each increase 


of 4 in. in thickness or diameter above $ in. ; % 
(b) For bars under 3% in. in thickness or diameter, a deduction of 1 from the percentages of 


elongation specified in Section 4 (a) shall be made for each decrease of #5 in. in thickness or di- 


ameter below 7 in. ee, ; 
6. Bend Tests. The test specimen shall bend cold around a pin without cracking on the 


_ outside of the bent portion, as follows: 


1See Section 5. 


‘ 
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Thickness or Diameter of Bar. ‘ Plain Bars. 


Deformed and Hot-twisted Bars. 


ae, 80 deg. 
Ain Gr Sitins teres | costoeGiele eh eee EE epee: 
a8 go deg. 
ASIN JOR, OVELRG tinea sere aioe ae d=4t 


Expianatory Nore: d=the diameter of pin about which the specimen is bent; 
t=the thickness or diameter of the specimen. 


7. Test Specimens. (a) Tension and bend test specimens for plain and deformed bars shall 
be taken from the finished bars, and shall be of the full thickness or diameter of bars as rolled; 
except that the specimens for deformed bars may be machined for a length of at least 9 in., if 
deemed necessary by the manufacturer to obtain uniform cross-section. 

(b) Tension and bend test specimens for hot-twisted bars shall be taken from the finished 
bars, without further treatment. 

8. Number of Tests. (a) One tension and one bend test shall be made from each lot of ten 
tons or less of each size of bar rolled from rails varying not more than 10 lb. per yd. in nominal 
weight. 

Ob) If any test specimen shows defective machining or develops flaws, or if a tension test 
specimen breaks outside the middle third of the gage length, it may be discarded and another 
specimen substituted. 


III. PERMISSIBLE VARIATIONS IN WEIGHT. 


g. Permissible Variations. The weight of any lot of bars shall not vary more than 5 per cent 
from the theoretical weight of that lot. 


= IV. FINISH. 


10. Finish. The finished bars shall be free from injurious defects and shall have a workman- 
like finish. 


V. INSPECTION AND REJECTION. 


11. Inspection. The inspector representing the purchaser shall have free entry, at all times 
while work on the contract of the purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the bars ordered. The manufacturer shall afford the 
inspector, free of cost, all reasonable facilities to satisfy him that the bars are being furnished in 
accordance with these specifications. All tests and inspection shall be made at the place of manu- 
facture prior to shipment, unless otherwise specified, and shall be so conducted as not to interfere 
unnecessarily with the operation of the works. 

12. Rejection. Bars which show injurious defects subsequent to their acceptance at the 
manufacturer’s works will be rejected, and the manufacturer shall be notified. 


STANDARD SPECIFICATIONS FOR STEEL CASTINGS 
OF THE 
AMERICAN SOCIETY FOR TESTING MATERIALS 
ADOPTED AUGUST 25, 1913. 


1. Classes. These specifications cover two classes of castings, namely: 

Class A, ordinary castings for which no physical requirements are specified; 

Class B, castings for which physical requirements are specified. These are of three grades: 
hard, medium, and soft. 

2. Patterns. (a) Patterns shall be made so that sufficient finish is allowed to provide for all 
variations in shrinkage. } 

(b) Patterns shall be painted three colors to represent metal, cores, and finished surfaces. 
It is recommended that core prints shall be painted black and finished surfaces red. 

3. Basis of Purchase. ‘The purchaser shall indicate his intention to substitute the test to 
destruction specified in Section 11 for the tension and bend tests, and shall designate the patterns 
from which castings for this test shall be made. 
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I. MANUFACTURE. 


4. Process. The steel may be made by the open-hearth, crucible, or any other process 
approved by the purchaser. 

. Heat Treatment. (a) Class A castings need not be annealed unless otherwise specified. 

(0) Class B castings shall be allowed to become cold. They shall then be uniformly reheated 

to the proper temperature to refine the grain (a group thus reheated being known as an “ annealing 

charge’), and allowed to cool uniformly and slowly. If, in the opinion of the purchaser or his 

representative, a casting is not properly annealed, he may at his option require the casting to be 


re-annealed. 
II. CHEMICAL PROPERTIES AND TESTS. 


6. Chemical Composition. The castings shall conform to the following requirements as to 
chemical composition: 


Ciass A. Crass B. 
(CONIGSH ha Os. ac soe cue arae aaa not over 0.30 per cent ara 
HAROSOMOM Set oarey cst clas «bo * rime O00 ee. not over 0.05 per cent 
“ce “ce 


STUN UE pert afta oi altie ws sfee is Ai AoA “0.05 


7. Ladle Analyses. An analysis to determine the percentages of carbon, manganese, phos- 
phorus and sulphur shall be made by the manufacturer from a test ingot taken during the pouring 
of each melt, a copy of which shall be given to the purchaser or his representative. This analysis 
shall conform to the requirements specified in Section 6. Drillings for analysis shall be taken not 
less than + in. beneath the surface of the test ingot. 

8. Check Analyses. (a) Analyses of Class A castings may be made by the purchaser, in 
which case an excess of 20 per cent above the requirement as to phosphorus specified in Section 6 
shall be allowed. Drillings for analysis shall be taken not less than } in. beneath the surface. 

(6) Analyses of Class B castings may be made by the purchaser from a broken tension or 
bend test specimen, in which case an excess of 20 per cent above the requirements as to phos- 
phorus and sulphur specified in Section 6 shall be allowed. Drillings for analysis shall be taken 
not less than } in. beneath the surface. 


III. PHYSICAL PROPERTIES AND TESTS. 
(For CLAss B CAstTINGS ONLY.) 


9. Tension Tests. (a) The castings shall conform to the following minimum requirements 
as to tensile properties: 


Harb. MEDIUM. Sort. 
sbencileystrensth, [by Pel SQ. Utes 6 ¢ cess ctsse seas eels pe ams 80 000 70 000 60 000 
Wate lel ostr bem) MMP ETESC peli osse worn -el ss ein aysueki'et 6 =). snatiese/< syshcyei aie 36 000 31 500 27 000 
VOM atrO rn tbe iy PETACE IE xnutl sexes aos ms ey cicicusney nied (2 susitgs 15 18 22 
Ne CIM@MONMO LA RCAimeE Ne” dcsstays cose nla 0) syiefiere: tinue, oi5,e © sy hue nears 20 25 30 


(b) The yield point shall be determined by the drop of the beam of the testing machine. 

10. Bend Tests. (a) The test specimen for soft castings shall bend cold through 120 deg., 
and for medium castings through 90 deg., around a I-in. pin, without cracking on the outside of 
the bent portion. ° 

(b) Hard castings shall not be subject to bend test requirements. Pa 

11. Alternative Tests to Destruction. In the case of small or unimportant castings, a test to 
destruction on three castings from a lot may be substituted for the tension and bend tests. This 


r 

¢ ou 

a a, ec | 
' 

' 


test shall show the material to be ductile, free from injurious defects, and suitable for the purpose 

intended. A lot shall consist of all castings from one melt, in the same annealing charge. ; 
12. Test Specimens. (a) Sufficient test bars, from which the test specimens required in 

Section 13 (a) may be selected, shall be attached to castings weighing 500 Ib. or over, when the 
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design of the castings will permit. If the castings weigh less than 500 Ib., or are of such a design 
that test bars cannot be attached, two test bars shall be cast to represent each melt; or the quality 
of the castings shall be determined by tests to destruction as specified in Section 11. All test 
bars shall be annealed with the castings they represent. , 

(b) The manufacturer and purchaser shall agree whether test bars can be attached to castings, 
on the location of the bars on the castings, on the castings to which bars are to be attached, and 
on the method of casting unattached bars. 

(c) Tension test specimens shall be of the form and dimensions shown in Fig. 1. Bend test 
specimens shall be machined to 1 by 3 in. in section with corners rounded to a radius not over 7g in. 

13. Number of Tests. (a) One tension and one bend test shall be made from each annealing 
charge. If more than one melt is represented in an annealing charge, one tension and one bend 
test shall be made from each melt. 

(b) If any test specimen shows defective machining or develops flaws, or if a tension test 
specimen breaks outside the gage length, it may be discarded; in which case the manufacturer and 
the purchaser or his representative shall agree upon the selection of another specimen in its stead. 


IV. WORKMANSHIP AND FINISH. 


14. Workmanship. The castings shall substantially conform to the sizes and shapes of the 
patterns, and shall be made in a workmanlike manner. 

15. Finish. (a) The castings shall be free from injurious defects. 

(6) Minor defects which do not impair the strength of the castings may, with the approval 
of the purchaser or his representative, be welded by an approved process. The defects shall first 
be cleaned out to solid metal; and after welding, the castings shall be annealed, if specified by the 
purchaser or his representative. 

(c) The castings offered for inspection shall not be painted or covered with any substance 
that will hide defects, nor rusted to such an extent as to hide defects. 


V. INSPECTION AND REJECTION. 


16. Inspection. The inspector representing the purchaser shall have free entry, at all times 
while work on the contract of the purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the castings ordered. The manufacturer shall afford the 
inspector, free of cost, all reasonable facilities to satisfy him that the castings are being furnished 
in accordance with these specifications. All tests (except check analyses) and inspection shall be 
made at the place of manufacture prior to shipment, unless otherwise specified, and shall be so 
conducted as not to interfere unnecessarily with the operation of the works. 

17. Rejection. (a) Unless otherwise specified, any rejection based on tests made in accord- 
ance with Section 8 shall be reported within five working days from the receipt of samples. 

(b) Castings which show injurious defects subsequent-to their acceptance at the manu- 
facturer’s works will be rejected, and the manufacturer shall be notified. 

18. Rehearing. Samples tested in accordance with Section 8, which represent rejected 
castings, shall be preserved for two weeks from the date of the test report. In case of dissatis- 
faction with the results of the tests, the manufacturer may make claim for a rehearing within that 
time. 


= VI. SPECIAL REQUIREMENTS FOR CASTINGS FOR SHIPS. 


19. Castings for Ships. In addition to the preceding requirements, castings for ships, when 
so specified, shall conform to the following requirements: 

20. Heat Treatment. All castings shall be annealed. 

21. Number of Tests. (a) One tension and one bend test shall be made from each of the 
following castings: stern frames, stern posts, twin screw spectacle frames, propellor shaft brackets, 
rudders, steering quadrants, tillers, stems, anchors, and other castings when specified. 

(b) When a casting is made from more than one melt, four tension and four bend tests shall 
be made from each casting. 

22. Percussion Tests. (a) A percussion test shall be made on each of the following castings: 
stern frames, stern posts, twin screw spectacle frames, propellor shaft brackets, rudders, steering 
quadrants, tillers, stems, anchors, and other castings when specified. 

(6) For this test, the casting shall be suspended by chains and hammered all over with a 
hammer of a weight approved by the purchaser or his representative. If cracks, flaws, defects, 
or weakness appear after such treatment, the casting will be rejected. 


VII. SPECIAL REQUIREMENTS FOR CASTINGS FOR RAILWAY ROLLING STOCK. 


23. Castings for Railway Rolling Stock. Castings for railway rolling stock, when so specified, 
shall conform to the requirements for Class B castings, Sections 1 to 18, inclusive, except that 
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check analyses made in accordance with Section 8 (b) shall conform to the requirements as to 
phosphorus and sulphur specified in Section 6. 

CORROSION OF IRON AND STEEL.—TIf iron or steel is left exposed to the atmosphere 
it unites with oxygen and water to form rust. Where the metal is further exposed to the action 
of corrosive gases the rate of rusting is accelerated but the action is-similar to that of ordinary 
trusting. Neither dry air nor water free from oxygen has any corrosive effect. While not essential 
to corrosion acids greatly hasten its action. It seems evident that some weak electrolysis is 
essential for corrosive action. Where iron or steel are in contact with water electrolytic action 
will always take place, although the amount is very small under ordinary conditions. Where a 
considerable electrolytic force exists the corrosion is greatly hastened. The increase in the use 
of electricity has doubtless had a tendency to increase the corrosion of iron and steel and to make 
the problem of the preservation of iron and steel from corrosion of great importance. 

In an article on “ The Corrosion of Iron”’ in Proceedings of American Society for Testing 
Materials, vol. VII, 1907, pages 211 to 228, Mr. Allerson S. Cushman shows that the two factors 
without which the corrosion of iron is impossible are electrolysis and the presence of hydrogen 
in the electrolyzed or “‘ionic’”’ condition. The electrolytic action can only take place in the 
presence of oxygen or some other oxidizing agent. Rust is a hydroxide of iron—ferric hydroxide, 
FeO3H 3. The corrosion of iron or steel may be prevented or retarded by covering it with a coating 
that will protect it from the water or the air. ; 

It is commonly believed, with good reason, that cast iron corrodes less rapidly than either 
wrought iron or steel. The graphite in the cast iron and the silicious coating that the cast iron 
receives in molding doubtless assist in protecting the cast iron from corrosion. 

It is also commonly believed that steel corrodes more rapidly than wrought iron. The tests 
that have been made to determine the relative corrosion of wrought iron and steel are very con- 
flicting, but it appears certain that the difference in the corrosion of well made steel and well made 
wrought iron is very slight. The acid test as a measure of natural corrosion has been used, es- 
pecially by firms manufacturing and selling ‘‘ ingot iron”’ (very low carbon Bessemer or open- 
hearth steel). Committee A-5 on the Corrosion of Iron and Steel of the American Society for 
Testing Materials in the Proceedings of the Society, vol. XI, 1911, page 100, states that it considers 
the acid test as unreliable as a measure of natural corrosion and does not recommend its use. 


In the paper on “‘ The Corrosion of Iron” above referred to, Mr. Cushman states:—‘‘ A 


very widespread impression prevails that charcoal iron or a puddled wrought iron are more re- 
sistant to corrosion than steel manufactured by the Bessemer and open-hearth processes. It is 
by no means certain that this is the case, but it would follow from the electrolytic theory that in 
order to have the highest resistance to corrosion a metal should either be as free as possible from 
certain impurities, such as manganese, or should be so homogeneous as not to retain localized 
positive and negative nodes for a long time without change. Under the first condition iron would 
appear to have the advantage, but under the second much would depend upon the care exercised 
in manufacture, whatever process was used.’ 


From the preceding discussion it would appear that neither “ ingot iron’ nor wrought iron 
has any advantage in resisting corrosion over a well made structural steel. 

PAINT.*—The paints in use for protecting structural steel may be divided into oil paints, 
tar paints, asphalt paints, varnishes, lacquers, and enamel paints. The last two mentioned are 
too expensive for use on a large scale and will not be considered. 


OIL PAINTS.—An oil paint consists of a drying oil or varnish and a pigment, thoroughly 
mixed together to form a workable mixture. ,‘‘ A good paint is one that is readily applied, has 
good covering powers, adheres well to the metal, and is durable.” The pigment should be inert 
to the metal to which it is applied and also to the oil with which it is mixed. Linseed oil is com- 
monly used as the varnish or vehicle in oil paints, and is unsurpassed in durability by any other 
drying oil. Pure linseed oil will, when applied to a metal surface, form a transparent coating that 
offers considerable protection for a time, but is soon destroyed by abrasion and the action of the 
elements. To make the coating thicker, harder and more dense, a pigment is added to the oil. 
An oil paint is analogous to concrete, the linseed oil and pigment in the paint corresponding to the 


* This discussion on paints is taken from the author’s “‘ The Design of Steel Mill Buildings.” 
34 


‘ 
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cement and the aggregate in the concrete. The pigments used in making oil paints for protecting 
metal may be divided into four groups as follows: (1) lead; (2) zinc; (3) iron; (4) carbon. 

Linseed Oil.—Linseed oil is made by crushing and pressing flaxseed. The oil contains some 
vegetable impurities when made, and should be allowed to stand for two or three months to purify 


and settle before being used. In this form the oil is known as raw linseed oil, and is ready for use. — 


Raw linseed oil dries (oxidizes) very slowly and for that reason is not often used in a pure state for 
structural iron paint. The rate of drying of raw linseed oil increases with age; an old oil being 
very much better for paint than that which has been but recently extracted. Raw linseed oil 
can be made to dry more rapidly by the addition of a drier or by boiling. Linseed oil dries by 
oxidation and not by evaporation, and therefore any material that will make it take up oxygen 
more rapidly is a drier. A common method of making a drier for linseed oil is to put the linseed 
oil in a kettle, heat it to a temperature of 400 to 500 degrees F., and stir in about four pounds of 
red lead or litharge, or a mixture of the two, to each gallon of oil. This mixture is then thinned 
down by adding enough linseed oil to make four gallons for each gallon of raw oil first put in the 
kettle. The addition of four gallons of this drier to forty gallons of raw oil will reduce the time of 
drying from about five days to twenty-four hours. A drier made in this way costs more than the 
pure linseed oil, so that driers are very often made by mixing lead or manganese oxide with rosin 
and turpentine, benzine, or rosin oil. These driers can be made for very much less than the price 
of good linseed oil, and are used as adulterants; the more of the drier that is put into the paint, the 
quicker it will dry and the poorer tt becomes. Japan drier is often used with raw oil, and when this 
or any other drier is added to raw oil in barrels, the oil is said to be ‘‘ boiled through the bung hole.” 

Boiled linseed oil is made by heating raw oil, to which a quantity of red lead, litharge, sugar of 
lead, etc., has been added, to a temperature of 400 to 500 degrees F., or by passing a current of 
heated air through the oil. Heating linseed oil to a temperature at which merely a few bubbles 
rise to the surface makes it dry more rapidly than the unheated oil; however, if the boiling is con- 
tinued for more than a few hours the rate of drying is decreased by the boiling. Boiled linseed 
oil is darker in color than raw oil, and is much used for outside paints. It should dry in from 12 to 
24 hours when spread out in a thin film on glass. Raw oil makes a stronger and better film than 
boiled oil, but it dries so slowly that it is seldom used for outside work without the addition of a 
drier. 

Lead.—White Lead (hydrated carbonate of lead—specific gravity 6.4) is used for interior and 
exterior wood work. White lead forms an excellent pigment on account of its high adhesion and 
covering power, but it is easily darkened by exposure to corrosive gases and rapidly disintegrates 
under these conditions, requiring frequent renewal. It does not make a good bottom coat for 
other paints, and if it is to be used at all for metal work it should be used over another paint. 

Red Lead (minium; lead tetroxide—specific gravity 8.3) is a heavy, red powder approxi- 
mating in shade to orange; is affected by acids, but when used as a paint is very stable in light and 
under exposure to the weather. Red lead is seldom adulterated, about the only substance used 
for the purpose being red oxide. Red lead is prepared by changing metallic lead into monoxide 
litharge, and converting this product into minium in calcining ovens. Red lead intended for 
paints must be free from metallic lead. One ounce of lampblack added to one pound of red lead 
changes the color to a deep chocolate and increases the time of drying. This compound when 
mixed in a thick paste will keep 30 days without hardening. 

Zine.—Zinc white (zinc oxide—specific gravity 5.3) is a white loose powder, devoid of smell 


or taste and has a good covering power. Zinc paint has a tendency to peel, and when exposed © 


there is a tendency to form a zinc soap with the oil which is easily washed off, and it therefore does 
not make a good paint. However, when mixed with red oxide of lead in the proportions of 1 lead 
to 3 zinc, or 2 lead to I zinc, and ground with linseed oil, it makes a very durable paint for metal 
surfaces. This paint dries very slowly, the zinc acting to delay hardening about the same as 
lampblack. 

Iron Oxide.—Iron oxide (specific gravity 5) is composed of anhydrous sesquioxide (hematite) 
and hydrated sesquioxide of iron (iron rust). The anhydrous oxide is the characteristic 
ingredient of this pigment and very little of the hydrated oxide should be present. Hydrated 
sesquioxide of iron is simply iron rust, and it probably acts as a carrier of oxygen and accele- 
rates corrosion when it is present in considerable quantities. Mixed with the iron ore are 
various other ingredients, such as clay, ocher and earthy materials, which often form 50 to 75 
per cent of the mass. Brown and dark red colors indicate the anhydrous oxide and are considered 
the best. Bright red, bright purple and maroon tints are characteristic of hydrated oxide and 
make less durable paints than the darker tints. Care should be used in buying iron oxide to 
see that it is finely ground and is free from clay and ocher. 

Carbon.—The most common forms of carbon in use for paints are lampblack and graphite. 
Lampblack (specific gravity 2.6) is a great absorbent of linseed oil and makes an excellent pigment, 
Graphite (black lead or plumbago—specific gravity 2.4) is a more or less impure form of carbon, 
and when pure is not affected by acids. Graphite does not absorb nor act chemically on linseed 
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oil, so that the varnish simpry holds the particles of pigment together in the same manner as the 
cement in a concrete. There are two kinds of graphite in common use for paints—the granular 
and the flake graphite. The Dixon Graphite Co., of Jersey City, uses a flake graphite combined 
with silica, while. the Detroit Graphite Manufacturing Co. uses a mineral ore with a large per- 
centage of graphitic carbon in granulated form. On account of the small specific gravity of the 
pigment, carbon and graphite paints have a very large covering capacity. The thickness of the 
coat is, however, correspondingly reduced. Boiled linseed oil should always be used with carbon 
pigments. 

Mixing the Paint.—The pigment should be finely ground and should preferably be ground with 
the oil. The materials should be bought from reliable dealers, and should be mixed as wanted. 
If it is not possible to grind the paint, better results will usually be obtained from hand mixed 
paints made of first class materials than from the ordinary run of prepared paints that are supposed 
to have been ground. Many ready mixed paints are sold for less than the price of linseed oil, 
which makes it evident that little if any oil has been used in the paint. The paint should be 
thinned with oil, or if necessary a small amount of turpentine may be added; however turpentine 
as an adulterant and should be used sparingly. Benzine, gasoline, etc., should never be used in paints, 
as the paint dries without oxidizing and then rubs off like chalk. 

Proportions.—The proper proportions of pigment and oil required to make a good paint 
vary with the different pigments, and the methods of preparing the paint; the heavier and the 
more finely ground pigments require less oil than the lighter or coarsely ground while ground 
paints require less oil than ordinary mixed paints. A common rule for mixing paints ground in 
oil isto mix with each gallon of linseed oil, dry pigment equal to three to four times the specific 
gravity of the pigment, the weight of the pigment being given in pounds. This rule gives the 
following weights of pigment per gallon of linseed oil: white lead, 19 to 26 lb.; red lead, 25 to 33 Ib.; 
zinc, 15 to 21 lb.; iron oxide, 15 to 20 lb.; lampblack, 8 to 10 lb.; graphite, 8to 10 lb. The weights 
of pigment used per gallon of oil varies about as follows: red lead, 20 to 33 lb.; iron oxide, 8 to 
25 lb.; graphite, 3 to 12 lb. 

Covering Capacity.—The covering capacity of a paint depends upon the uniformity and 
thickness of the coating; the thinner the coating the larger the surface covered per unit of paint. 
To obtain any given thickness of paint therefore requires practically the same amount of paint 
whatever its pigment may be. The claims often urged in favor of a particular paint that it has a 
large covering capacity may mean nothing but that an excess of oil has been used in its fabrication. 
An idea of the relative amounts of oil and pigment required, and the covering capacity of different 
paints may be obtained from Table VIII, Chapter XIII. 

Light structural work will average about 250 square feet, and heavy structural work about 
I50 square feet of surface per net ton of metal. 

It is the common practice to estimate } gallon of paint for the first coat and ? gallon for the 
second coat per ton of structural steel, for average conditions. 

Applying the Paint.—The paint should be thoroughly brushed out with a round brush to 
remove all the air. The paint should be mixed only as wanted, and should be kept well stirred. 
When it is necessary to apply paint in cold weather, it should be heated to a temperature of 130 
to 150 degrees F.; paint should not be put on in freezing weather. Paint should not be applied 
when the surface is damp, or during foggy weather. The first coat should be allowed to stand for 
three or four days, or until thoroughly dry, before applying the second coat. If the second coat 
is applied before the first coat has dried, the drying of the first coat will be very much retarded. 

Cleaning the Surface.—Before applying the paint all scale, rust, dirt, grease and dead paint 
should be removed. The metal may be cleaned by pickling inan acid bath, by scraping and brushing 
with wire brushes, or by means of the sand blast. In the process of pickling the metal is dipped 
in an acid bath, which is followed by a bath of milk of lime, and afterwards the metal is washed 
clean in hot water. The method is expensive and not satisfactory unless extreme care is used in 
removing all traces of the acid. Another objection to the process is that it leaves the metal wet and 
allows rusting to begin before the paint can be applied. The most common method of cleaning 
is by scraping with wire brushes and chisels. This method is slow and laborious. The method of 
cleaning by means of a sand blast has been used to a limited extent and promises much for the 
future. The average cost of cleaning five bridges in Columbus, Ohio, in 1902, was 3 cts. per sq. 
ft. of surface cleaned.* The bridges were old and some were badly rusted. The painters followed 
the sand blast and covered the newly cleaned surface with paint before the rust had time to form. 

Mr. Lilly estimates the cost of cleaning light bridge work at the shop with the sand blast at 
$1.75 per ton, and the cost of heavy bridge work at $1.00 per ton. In order to remove the mill 
scale it has been recommended that rusting be allowed to start before the sand blast is used. One 
of the advantages of the sand blast is that it leaves the surface perfectly dry, so that the paint can 
be applied before any rust has formed. 


* Sand Blast Cleaning of Structural Steel, by G. W. Lilly, Trans. Am. Soc. C. E., Feb., 1903. 
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Priming or Shop Coat.—Engincers are very much divided as to what makes the best priming 
coat; some specify a first coat of pure linseed oil and others a priming coat’ of paint. Linseed oil 
makes a transparent coating that allows imperfections in the workmanship and rusted spots 
to be casily seen; it is not permanent however, and if the metal is exposed for a long time the oil 
will often be entirely removed before the second coat is applied. It is also claimed that the paint 
will not adhere as well to linseed oil that has weathered as to a good paint. Linseed oil gives better 
results if applied hot to the metal. Another advantage of using oil as a priming coat is that the 
erection marks can be painted over with the oil without fear of covering them up. Red lead paint 
toned down with lampblack is probably used more for a priming coat than any other paint; the 
B. &O. R. R. uses 10 oz. of lampblack to every 12 lb. of red lead. Linseed oil mixed with a small 
amount of lampblack makes a very satisfactory priming or shop coat. _ : 

Without going further into the controversy it would seem that there is very little choice between” 
linseed oil and a good red lead paint for a priming coat. For data on the standard shop paints 
specified by different railroads, see digest of specifications in Chapter IV. 

Finishing Coat.—From a careful study of the question of paints, it would seem that for ordi- 
nary conditions, the quality of the materials and workmanship is of more importance in painting 
metal structures than the particular pigment used. If the priming coat has been properly 
applied there is no reason why any good grade of paint composed of pure linseed oil and a very 
finely ground, stable and chemically non-injurious pigment will not make a very satisfactory finish- 
ing coat. Where the paint is to be subjected to the action of corrosive gases or blasts, however, 
there is certainly quite a difference in the results obtained with the different pigments. The ~ 
graphite and asphalt paints appear to withstand the corroding action of smelter and engine gases 
better than red lead or iron oxide paints; while red lead is probably better under these conditions 
than iron oxide. Portland cement paint or coal tar paint are the only paints that will withstand 
the action of engine blasts. 

To obtain the best results in painting metal structures therefore, proceed as follows: (1) pre- 
pare the surface of the metal by carefully removing all dirt, grease, mill scale, rust, etc., and give 
it a priming coat of pure linseed oil or a good paint—red lead seems to be the most used for this 
purpose; (2) after the metal is in place carefully remove all dirt, grease, etc., and apply the finishing 
coats—preferably not less than two coats—giving ample time for each coat to dry before applying 
the next. The separate coats of paint should be of different colors. Painting should not be done 
in rainy weather, or when the metal is damp, nor in cold weather unless special precautions are | 
taken to warm the paint. The best results will usually be obtained if the materials are purchased 
in bulk from a responsible dealer and the paint ground as wanted. Good results are obtained with 
many of the patent or ready mixed paints, but it is not possible in this place to go into a discussion 
of their respective merits. ; 

ASPHALT PAINT.—Many prepared paints are sold under the name of asphalt that are mix- 
tures of coal tar, or mineral asphalt alone, or combined with a metallic base, or oils. The exact 
compositions of the patent asphalt paints are hard to determine. Black bridge paint made by 
Edward Smith & Co., New York City, contains asphaltum, linseed oil, turpentine and Kauri gum. 
The paint has a varnish-like finish and makes a very satisfactory paint. The black shades of 
asphalt paint are the only ones that should be used. 

COAL TAR PAINT.—Coal tar paint is occasionally used for painting gas tanks, smelters, and 
similar structures that receive rough usage. Coal tar paint mixed as described below has been 
used by the U. S. Navy Department for painting the hulls of ships. It should give satisfactory 
service where the metal is subject to corrosion. - The coal tar paint is mixed as follows: The pro- 
portions of the mixture are slightly variable according to the original consistency of the tar, the 
use for which it is intended and the climate in which it is used. The proportions will vary 
between the following proportions in volume. 


Coal Tar. Portland Cement. Kerosene Oil. 
INewa@ cleanse VIstUne secs nste ce xuccc(espstccoieis cir aps cee 8 I I 
AHA OMSHVIEK EULER) Mash tacks. cagatlers ,cteoktcianntasa reeneneene 16 4 3 


The Portland cement should first be stirred into the kerosene, forming a creamy mixture, 
the mixture is then stirred into the coal tar. The paint should be freshly mixed and kept well 
stirred. This paint sticks well, does not run when exposed to the sun’s rays and is a very satis- 
factory paint for rough work. The cost of the paint will vary from 10 to 20 cts. per gallon. The 
kerosene oil acts as a drier, while the Portland cement neutralizes the coal tar. 

If it is desired to paint with oil paint a structure which has been painted with coal tar paint, 
the surface must be scraped and all the coal tar removed. 

CEMENT AND CEMENT PAINT.—Experiments have shown that a thin coating of Portland 
cement is effective in preventing rust; that a concrete to be effective in preventing rust must be 
dense and made very wet. The steel must be clean when imbedded in the concrete. There is 
quite a difference of opinion as to whether the metal should be painted before being imbedded or 
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not. It is probably best to paint the metal if it is not to be imbedded at once, or is not to be used 
in concrete-steel construction where the adhesion of the cement to the metal is an essential element. 
When the metal is to be imbedded immediately it is better not to paint it. 

Portland Cement Paint.—A Portland cement paint has been used on the High St. viaduct in 
Columbus, Ohio, with good results. The viaduct was exposed to the fumes and blasts from 
locomotives, so that an ordinary paint did not last more than six months even on the least exposed 
portions. The method of mixing and applying the paint is described in Engineering News, 
April 24th and June 5th, 1902, as follows: “‘ The surface of the metal was thoroughly cleaned with 
wire brushes and files—the bridge had been cleaned with a sand blast the previous year. A thick 

*coat of Japan drier was then applied and before it had time to dry a coating was applied as fol- 
lows: Apply with a trowel to the minimum thickness of #7; in. and a maximum thickness of 
¢ in. (in extreme cases } in.) a mixture of 32 lb. Portland cement, 12 Ib. dry finely ground lead, 4 
to 6 Ib. boiled linseed oil, 2 to 3 lb. Japan drier.” After a period of about two years the coating 
was in almost perfect condition and the metal under the coating was as clean as when painted. 
The cost of the coating including the hand cleaning, materials and labor was 8 cts. per sq. ft. 


INSTRUCTIONS FOR THE MILL INSPECTION OF STRUCTURAL STEEL* 


(1) Study the contract and specifications and secure such information concerning the pro- 
Ree structure as will permit a full understanding of the use to be made of the various items of the 
order. 

(2) Secure copies of the mill orders, shipping directions and other information concerning the 
material to be inspected. 

(3) Attend promptly when notified of the rolling of material and so conduct the inspection 
and tests as not to interfere unnecessarily with the operations of the mill. 

(4) Have the test specimens prepared and properly stamped with the melt numbers by the 
manufacturer. Observe the selection and stamping of specimens and verify the melt numbers 
when practicable. 

(5) Attend and supervise the making of tensile, bending and drifting tests. Make sure that 
the testing machines are properly handled and that the specified speed of pulling is not exceeded. 
Note the behavior of the metal and check and record the results of the tests. 

(6) Select the bars or other members for full-size tests as specified. Supervise such tests 
and check and record their results. 

(7) Secure from the manufacturer records of the chemical analyses of the melts and accept 
only those in which the specified contents of impurities are not exceeded. 

(8) Secure pieces of the test ingots and test specimens and have check analyses made outside 
of the manufacturers’ laboratory when the analyses furnished by the manufacturer are erratic or 
for any other reason appear to be incorrect. 

(9) Examine each piece of finished material for surface defects before shipment, requiring 
the material to be handled in a manner that will permit the examination to be thorough and 
complete. This inspection should detect evidence of excessive gagging or other injury due to 
cold straightening. 

(10) Report promptly the shipment of any material from the mill, whose surface inspection 
has been waived. Such material should be examined by the shop inspector. 

(11) Verify the section of all material by measurement and by weight. 

(12) Study the operations of the plant and become familiar with the various processes of 
manufacture. 

Cultivate the acquaintance of the mill employees and become familiar with their work so as 
to have direct knowledge of the mill practice and determine as well as the circumstances permit 
the correctness of the mill practice in so far as it is covered by the specifications. 

(13) Record all tests and analyses on the forms provided. 

(14) Keep informed as to the progress of the work in the shop and endeavor to secure the 
shipment of material at such times and in such order as to avoid delay in the fabrication. 

(15) Secure copies of the shipping lists and compare them with the orders and make regular 
statements of the material that has been rolled and shipped. 

(16) Make reports weekly or as may be directed, submitting complete records of tests, 
analyses and shipments and such other information as may be required. 


* American Railway Engineering Association, Adopted, Vol. 14, 1913. 
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INSTRUCTIONS FOR THE INSPECTION OF THE FABRICATION OF 
STEEL BRIDGES: , 


(1) Acquire a full knowledge of the conditions of the contract, such as the time of delivery, © 


the railway company’s actual need of the work, the desired order of shipment, and any special 
features in connection with delivery such as the position of the girders or truss members on cars 
at the bridge site. 

(2) Study in advance the plans and specifications and see that all provisions thereof are 


complied with. These instructions are not be construed as altering the specifications in any way. 


Check every finished member against the drawings for its general dimensions and for the 
section of each piece of material forming a component part of the member. 

(3) Endeavor to maintain pleasant relations with foremen and the workmen and by fairness, 
decisiveness and good sense interest them in the successful completion of the work. 

(4) Attend constantly to the work, making inspection during the progress of the work in the 
shop, striving to keep up with the output in order that errors may be corrected before the work 
leaves the shop. 

Attend the weighing of material whenever practicable, especially that purchased on weight 
basis. Check the accuracy of the scales with. test weights or by other sufficient means. 

’ Conduct the inspection so as not to interfere unnecessarily with the routine operations of the 
shop. 

re) When unusual circumstances require an explanation of the plans or some variation from 
the specified procedure, take the necessary action promptly. 

(6) Study the field connections, paying particular attention to clearances and making nota- 
tions on the drawings so that they may be checked rapidly. 

(7) Check all bevels and field rivet holes. 

(8) Give careful attention to the quality of the workmanship, the condition of the plain 
material, accuracy of punching, care in assembling, alignment of rivets, tightness of rivets, ac- 
curacy of finishing of machined joints, painting and general finish. 


(9) Make sure that reamed holes are truly cylindrical and that drillings are not allowed to - 


remain between assembled parts. 

(10) Watch for bends, kinks, and twists in the finished members and make certain that when 
leaving the shop they are in proper condition for erection. 

(11) Make sure that the webs of girders do not project beyond the flange angles and that the 
depth of web below the flange angles complies with the specification. 

(12) Allow only the material rolled and accepted for the work to be used therein. 

(13) Have the fabricated material shipped in the correct order for erection and in accordance 
with instructions, as far as practicable. 

(14) Measure the width of each column and the lengths of all girders between columns when 
they are to be placed consecutively in a long row so as to insure that the columns and girders will 
not “‘ build out ” in erection, so as to exceed the calculated length. 

(15) Check “‘ rights ” and “ lefts ’’ and make sure that the proper number of each is shipped. 

(16) Check base plates of girders before riveting and make sure that the camber is not 
reversed. 

(17) Check the space provided for driving field rivets, allowing sufficient space for the 
penumatic riveter. 


(18) Examine field connections after riveting to insure proper fitting and ease of erection. 7 


(19) Make sure that shop splices are properly fitted and that matched and milled surfaces 
to transmit bearing are in close contact during riveting as specified. 

(20) Examine and measure bored pinholes carefully to insure proper dimensions and spacing 
and smoothness of finish. 

(21) Measure the spacing center to center of the end connections for sections of I-beam 
floors or any similar construction in which the calculated spacing is liable to be exceeded because 
of the tendency of such work to “ grow ’’ as it is assembled. 


(22) Make sure that stringers connecting to floorbeams beneath the flange have sufficient 


clearance to care for their possible over-run in depth. 

(23) Have the assembling of-trusses and girder spans required by the specifications carefully 
done and in any case insure the accuracy of field connections. If a large number of duplicate 
parts are to be made, the number of parts to be assembled should be governed by the workmanship. 
If errors are found, a sufficient number of parts should be assembled to make it reasonably certain 
that such errors have been eliminated. 


Have through girder spans with I-beam floors partially assembled and at least one bracket 
bolted in its final position. 


* American Railway Engineering Association, Adopted, Vol. 14, 1913, and Vol. 15, 1914. 
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Have at least one upper and lower shoe of each kind assembled and make sure that there is 
no interference. 

(24) Make sure that iron templets used for reaming are properly set and held to line. 

_ (25) Secure match-marking diagrams for work which has been assembled and reamed and 
make sure that the match marks are plainly visible. 

(26) Have proper camber blocking used in assembling trusses and secure the desired camber 
before the reaming is done. 

(27) Require that all treads and supports for the drums of draw spans be carefully leveled 
with an instrument. 

(28) Study carefully the machine details and discriminate between those dimensions which 
must be exact and those in which slight variations are permissible. ; 

Determine in advance the desired accuracy of driving fits for bolts or keys and similar parts 
and make sure that such accuracy is attained. 

(29) Examine castings carefully for blowholes and other imperfections and discriminate 
between such defects as are unimportant and those which render the castings unfit for use. 

(30) Make sure that bushings, collars and similar parts are held securely in place. 

(31) Make sure that all drum wheels, expansion rollers, turntable rollers and similar parts 
are exact in size, so as to carry equally the loads which may be placed upon them. 

(32) Ascertain in advance that the paint provided complies with specifications. Watch 
ae the painting directions and make sure that paint is properly applied and only where 
intended. 

(33) Verify all shop marks and make sure that they are legible as well as correct. 

(34) Have important members so loaded as to be headed in the right direction upon arrival 
at the site of the work. 

(35) Try a few countersunk head bolts in the holes where they are to be used to insure a 
proper ft. 

j (36) Make sure that small pieces are bolted in place for shipment as shown on the plans and 
that other small parts are properly boxed or otherwise secured against loss. 

(37) Make sure that rivets, tie rods, anchor bolts and miscellaneous parts are shipped so as 
to avoid delay in erection. 

(38) Examine the field rivets to insure that they are free from fins or other defects. 

(39) Exercise special care in the examination of all movable structures and particularly their 
moving parts. 

5 (40) Make reports weekly or as directed, exhibiting carefully and concisely the actual con- 
itions. ; 

(41) Observe carefully and report such unusual difficulties as may be encountered and the 

means adopted in overcoming them, and endeavor by a study of the details or other means to 

make recommendations which will prevent their recurrence in future work. 


MISCELLANEOUS METALS.—The physical properties of the following metals depend 
upon whether they are cast, rolled, or drawn, and upon the details of manufacture, and the values 
given are therefore approximate. 

Aluminum has a specific gravity of 2.58 to 2.7. The ultimate tensile strength per sq. in. is 
about 15,000 lb. for cast, 24,000 Ib. for sheet, and 30,000 to 65,000 lb. for aluminum wire. The 
elastic limit is about } the ultimate strength. The modulus of elasticity is about 11,000,000 Ib. 
per sq. in. Aluminum is used in engineering construction principally in the form of an alloy. 

Copper has a specific gravity of 8.6 to 8.9. The ultimate tensile strength varies from 36,000 
to 40,000 Ib. per sq. in. for soft copper wire with an elongation in 10 in. of 35 to 20 per cent; to 
49,000 to 67,000 Ib. per sq. in. for hard-drawn copper wire with an elongation varying from 3.75 
per cent in 10 in., to an elongation of 0.85 per cent in 60 in. Copper is also used in an alloy with 
other metals. 

Zinc, or spelter, has a specific gravity of about 7.00. The ultimate tensile strength per sq. in. 
varies from 3000 to 8000 lb. It is used for galvanizing and for making alloys. 

Nickel has a specific gravity of about 8.8. Nickel is used principally in alloys. 

_ Tin hasa specific gravity of about 7.35. Tin is used as a covering for iron and steel sheets and 
in alloys. 

Lead has a specific gravity of about 11.4. Lead is very plastic and flows easily under stress. 

ALLOYS.—An alloy is a combination of two or more metals made by mixing them when in a 
molten condition. Alloys are commonly mechanical mixtures; although some have a slight chem- 
icalunion. The properties of alloys depend not only upon the ingredients, but upon the method and 
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details of manufacture. It is impossible to predict the properties of an alloy from the properties 
of the metals forming it. Many alloys are sold under trade names in which the properties depend 
both on the proportions of the ingredients and upon the details of manufacture. The most im- 
portant alloys used by the structural engineer are as follows: 

Brass is an alloy of copper and zinc in which the copper varies from 60 to 89 per cent, and 
the zinc from 40 to 11 per cent. A small amount of tin is sometimes added to make the brass more 
easily worked. The tensile strength of brass is greatest (about 50,000 lb. per sq. in.) when the 
composition is about 62 per cent copper and 38 per cent zinc; and the ductility and malleability 
are greatest when the Cee is about 70 per cent copper and 30 per cent zinc. A widely used 
brass has 3 copper and 3 zinc. 

Delta metal is eee with I to 2 per cent iron. The tensile strength of delta metal is about 

45,000 lb. per sq. in. - 

Tobin bronze is brass with I to 2 per cent iron, and small amounts of bad and tin. 

Bronzes are alloys of copper and tin or of copper, zinc and tin, and usually have small quan- 
tities of other metals. Bronzes having more than 24 per cent tin are too weak to be used. The 
tensile strength is greatest (23,000 lb. per sq. in.) when the composition is about 80 per cent copper 
and 20 per cent tin. 

Phosphor bronze is an alloy of copper and tin containing } to I per cent phosphorus. It makes 
excellent castings and is very hard. The ultimate tensile strength varies from 50,000 to 100,000 
Ib. per sq. in. 

Aluminum bronze is an alloy having 5 to 10 per cent aluminum and 95 to 80 per cent copper. 
The tensile strength varies from 75,000 to 100,000 Ib. per sq. in. 

Manganese-bronze as specified by the American Society for Testing Materials contains, 
copper 55 to 65 per cent, zinc 39 to 45 per cent, iron not over 2 per cent, tin not over 2 per cent, 
aluminum not over 0.5 per cent, manganese not over 0.5 per cent. The ultimate tensile strength 
of standard test pieces cut from manganese-bronze ingots shall not be less than 70,000 Ib. per sq. in., 
with an elongation in 2 in. of not less than 20 per cent. 

TIMBER.—For definitions of terms, standard def cts, specifications and allowable stresses 
in timber, see Chapter VII. 

STONE MASONRY.—For definitions of terms used in masonry construction and for speci- 
fications for different classes of stone masonry, see Chapter VI. 

For the allowable pressure on masonry, see Table IV, Chapter V, and for the weight, specific 
gravity and crushing strength of masonry, see Table V, Chapter V; also see Table VIII, Chapter 
II. For an exhaustive treatise on brick and stone masonry see Baker’s “‘ Masonry Construction.” 

CONCRETE.—The average strengths of different mixtures of Portland cement concrete as 
given in Report of the Committee on Reinforced Concrete of the American Society of Civil 
Engineers, 1913, are given in Table II. 


TABI Te 
STRENGTH OF PORTLAND CEMENT CONCRETE. 

Aggregate Tene? ae ec 1:2:4 1:23:35 1:3:6 
Granite, trap rock 3300 2800 2200 1800 1400 
Gravel, hard limestone and hard sandstone 3000 2500 2000 1600 1300 
Soft limestone and sandstone 2200 1800 1500 1200 1000 
Cinders 800 700 600 500 400 


Specifications for concrete are given in Chapter V, and specifications for reinforced concrete 
are given in Chapter VI. 

Working Stresses.—The following working stresses have been recommended by the American 
Railway Engineering Association for concrete that will develop an average compressive strength 
of at least 2000 Ib. per sq. in. when tested in cylinders 8 in. in diameter and 16 in. long and 28 days 
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old, under laboratory conditions of manufacture and storage, the mixture being of the same.con- 
sistency as is used in the field. 


Lb. per 
§q. In 
Me PANEL COL ANCL Asiony © Cpa tka ee ok eee eee rot dea cae whoa batho os ae otcet 14,000 
Bee MOA OUESUCE oll et CISION erator cee ood vor Sie St easnle siglo Pore ck Dag evn Os Lo lowe hes 17,000 
Steel in compression, 15 times the compressive stress in the surrounding concrete. 
Concrete in bearing where the surface is at least twice the loaded area............0.45 700 
_ Concrete in direct compression, without reinforcement on lengths not exceeding 6 times 
EMCI eR yet eC es ae 2 oe ba os Raced ene Oe «mente tee 450 
Concrete in direct compression with not less than I per cent nor over 4 per cent longitudinal 
reinforcement on lengths not exceeding 12 times the least width................. 450 
Concrete in compression, on extreme fiber in cross bending.............sceceeueevees 750 
Concrete in shear, uncombined with tension or compression in the concrete............ 120 
Concrete in shear, where the shearing stress is used as a measure of the web stress...... 40 
Note.—The limit of shearing stresses in the concrete, even when thoroughly reinforced 
for shear and diagonal tension, should not exceed................ ge Ne Meee eect es I20 
‘Bong! Or (BID BNIS< 255. oo Gp Melee ae nen ee ne renee meen ere 80 
Rees CERCLA ARIE WNC MeN Mere Tere Say =) a fase¥oem as auereis (bcadutt sas ach, cucishaconcibug Cea amnem varaus ict erareerntrantte 40 - 
Bond for deformed bars, depending on the form...........6....00eeecseasneesetccwes 100-150 


The following working stresses have been recommended by the Committee on Concrete and 
Reinforced Concrete of the American Society of Civil Engineers, Proceedings, vol. XX XIX, 
February, 1913. 


Per cent of com- Lb. per 
pressive strength sq. in. 
ReereINEIIASLEC TIT TENSION | cleierirs.s aierdle 6b elvs catfiogia se ods cee waggle ates eens 16,000 


Concrete in compression where the surface is at least twice the loaded area 32.5 
Concrete for concentric compression on a plain concrete column or pier, the 


lencthrof which does not exceed 12 diameters... .....-.0 2-2 sces 6 22.5 
Compression on columns with longitudinal reinforcement only, to the 
N extent of not less than 1 per cent and not more than 4 per cent; the 

length of the column shall not exceed 12 diameters............... 22.5 


Compression on columns with reinforcement of bands, hoops or spirals 
having not less than 1 per cent of the volume of the column, the clear 
spacing of the hooping to be not greater than one-sixth of the diameter 
of the encased column and preferably not greater than one-tenth, and 
in no case more than 23 in., the ratio of the unsupported length of 
column to diameter of hooped core to be not more than 8.......... 27 

Compression on columns reinforced with not less than 1 per cent and not 
more than 4 per cent of longitudinal bars and with bands, hoops or 
spirals as above specified, where the ratio of unsupported length of 
column to diameter of hooped core is not more than 8.............. 32.625 

Compression on extreme fiber of a beam, calculated for constant modulus 
of elasticity (stresses adjacent of the supports of continuous beams 
AN MUCET ES PETRCEHEMMISTEL) oo sale ls Diets casie s Subs slo's toni cle ones. els aye akaiMlarels 32.5 

Shear in beams with horizontal reinforcement or without reinforcement... 2 

Shear in beams thoroughly reinforced with web reinforcement (the web 
reinforcement exclusive of benit-up bars to be designed to resist two- 


¢ 


PEC ERE ELE XCEMMASHEAT) than cete's voc bas obs Loawe bh ag oats naalee oe 6 
Shear in beams reinforced with bent-up bars, only..................05: 3 
Mere linoeshicatmOUlyauer tay a aes ls. cles nd eas ese de gietbem ecd te weet 6 
Bond stress between concrete and plain reinforcing bars.......... AR ar een, 
Bond stress between concrete and drawn wire. .... ..........eeeeeeees 2 


The modulus of elasticity to be taken for the design as follows: ’ ; 

(a) One-fifteenth that of steel where the strength of the concrete is taken as 2200 Ib. per sq. in., 
or less. 

(b) One-twelfth that of steel where the strength of the concrete is taken greater than 2200 Ib. 
per sq. in. or less than 2900 Ib. per sq. in. - 

(c) One-tenth that of steel where the strength of concrete is taken as greater than 2900 Ib. 
per sq. in. ti 

In calculating deflection take one-eighth of the modulus of elasticity of steel. 
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STANDARD SPECIFICATIONS FOR CEMENT 
OF THE 
AMERICAN SOCIETY FOR TESTING MATERIALS. 
ApopTED AUGUST 16, I909. 


1. General Observations. These remarks have been prepared with a view of pointing out 
the pertinent features of the various requirements and the precautions to be observed in the inter- 
pretation of the results of the tests. 

2. The Committee would suggest that the acceptance or rejection under these specifications 
be based on tests made by an experienced person having the proper means for making the tests. 

3. Specific Gravity. Specific gravity is useful in detecting adulteration. The results of 
tests of specific gravity are not necessarily conclusive as an indication of the quality of a cement, 
but when in combination with the results of other tests may afford valuable indications. 

4. Fineness. The sieves should be kept thoroughly dry. 

5. Time of Setting. Great care should be exercised to maintain the test-pieces under as 
uniform conditions as possible. A sudden change or wide range of temperature in the room in 
which the tests are made, a very dry or humid atmosphere, and other irregularities vitally affect 
the rate of setting. ; 

6. Constancy of Volume. The tests for constancy of volume are divided into two classes, 
the first normal, the second accelerated. The latter should be regarded as a precautionary test 
only, and not infallible. So many conditions enter into the making and interpreting of it that 
it should be used with extreme care. 

7. In making the pats the greatest care should be exercised to avoid initial strains due to 
molding or to too rapid drying-out during the first twenty-four hours. The pats should be pre- 
AL al the most uniform conditions possible, and rapid changes of temperature should be’ 
avoided. 

8. The failure to meet the requirements of the accelerated tests need not be sufficient cause 
for rejection. Thecement may, however, be held for twenty-eight days, and a retest made at the 
end of that period, using a new sample. Failure to meet the requirements at this time should be 
considered sufficient cause for rejection, although in the present state of our knowledge it cannot 
be said that such failure necessarily indicates unsoundness, nor can the cement be considered 
entirely satisfactory simply because it passes the tests. 


SPECIFICATIONS. 


1. General Conditions. All cement shall be inspected. 

2. Cement may be inspected either at the place of manufacture or on the work. 

3. In order to allow ample time for inspecting and testing, the cement should be stored in a 
suitable weather-tight building having the floor properly blocked or raised from the ground. 

4. The cement shall be stored in such a manner as to permit easy access for proper inspection 
and identification of each shipment. 

5. Every facility shall be provided by the Contractor and a period of at least twelve days 
allowed for the inspection and necessary tests. 


6. Cement shall be delivered in suitable packages with the brand and name of manufacturer ~ 


plainly marked thereon. 

7. Abag of cement shall contain 94 pounds of cement net. Each barrel of Portland cement 
shall contain 4 bags, and each barrel of natural cement shall contain 3 bags of the above net weight. 

8. Cement failing to meet the seven-day requirements may be held awaiting the results of 
the twenty-eight-day tests before rejection. 

g. All tests shall be made in accordance with the methods proposed by the Committee on 
Uniform Tests of Cement of the American Society of Civil Engineers, presented to the Society 
January 21, 1903, and amended January 20, 1904, and January 15, 1908, with all subsequent amend- 
ments thereto. (See addendum to these specifications.) 

10. The acceptance or rejection shall be based on the following requirements: 


NATURAL CEMENT. 


11. Definition. This term shall be applied to the finely pulverized product resulting from 
eels of an argillaceous limestone at a temperature only sufficient to drive off the carbonic 
acid gas. 

12. Fineness. It shall leave by weight a residue of not more than Io per cent on the No. 100, 
and 30 per cent on the No. 200 sieve. 
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13. Time of Setting. It shall not develop initial set in less than ten minutes; and shall not 
develop hard set in less than thirty minutes, or in more than three hours. 

14. Tensile Strength. The minimum requirements for tensile strength for briquettes one 
square inch in cross section shall be as follows, and the cement shall show no retrogression in 
strength within the periods specified: 


Age. Neat Cement. Strength. 
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_ . 15. Constancy of Volume. Pats of neat cement about three inches in diameter, one-half 
inch thick at center, tapering to a thin edge, shall be kept in moist air for a period of twenty-four 
hours. 

(a) A pat is then kept in air at normal temperature. 

(6) Another is kept in water maintained as near 70° F. as practicable. 

16. These pats are observed at intervals for at least 28 days, and, to satisfactorily pass the 
tests, shall remain firm and hard and show no signs of distortion, checking, cracking, or disinte- 
grating. : : 
PORTLAND CEMENT. 


17. Definition. This term is applied to the finely pulverized product resulting from the 
calcination to incipient fusion of an intimate mixture of properly proportioned argillaceous and 
calcareous materials, and to which no addition greater than 3 per cent has been made subsequent 
to calcination. 

18. Specific Gravity. The specific gravity of cement shall not be less than 3.10. Should the 
test of cement as received fall below this requirement, a second test may be made upon a sample 
ignited at a low red heat. The loss in weight of the ignited cement shall not exceed 4 per cent. 

1g. Fineness. It shall leave by weight a residue of not more than 8 per cent on the No. 100, 
and not more than 25 per cent on the No. 200 sieve. 

20. Time of Setting. It shall not develop initial set in less than thirty minutes; and must 
develop hard set in not less than one hour, nor more than ten hours. 

21. Tensile Strength. The minimum requirements for tensile strength for briquettes one 
square inch in cross section shall be as follows, and the cement shall show no retrogression in 
strength within the periods specified: 
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22. Constancy of Volume. Pats of neat cement about three inches in diameter, one-half 
inch thick at the center, and tapering to a thin edge, shall be kept in moist air for a period of twenty- 


four hours. , 
(a) A pat is then kept in air at normal temperature and observed at intervals for at least 28 
days 


(b) Another pat is kept in water maintained as near 70° F. as practicable, and observed at 


intervals for at least 28 days. : ee 
(c) A third pat is exposed in any convenient way in an atmosphere of steam, above boiling 


water, in a loosely closed vessel for five hours. : . 
23. These pats, to satisfactorily pass the requirements, shall remain firm and hard, and show 


no signs of distortion, checking, cracking, or disintegrating. ‘ 
24. Sulphuric Acid and Magnesia. The cement shall not contain more than 1.75 per cent 


of anhydrous sulphuric acid (SO;), nor more than 4 per cent of magnesia (MgO). 


CHAPTEREX VI: 


STRUCTURAL MECHANICS. 


GENERAL NOMENCLATURE.—The following nomenclature will be used for all materials 
except reinforced concrete, for which a special notation is given. 
A = area of cross section. 
Z = length or span. 
ZL = length or span. 
b = breadth of rectangular section. 


mina On Sow Dim) snl Sacuuien 


depth of section; diameter of rivet. 

thickness of plates, etc. 

radius of circle. 

diameter of circle. 

height of wall. 

distance from neutral axis to extreme fiber. 

total deformation in length /, or maximum deflection of beams. 
unit deformation. 

horizontal coordinate of elastic curve; variable. 

vertical coordinate or deflection of elastic curve; variable. 
eccentricity; efficiency. 

moment of inertia. 

polar moment of inertia. 

product of inertia. 

section modulus. 

radius of gyration. 

pitch of rivets. 

concentrated load or total stress in a member. 

unit fiber stress. 

unit compressive fiber stress. 

unit tensile fiber stress. 

unit shearing fiber stress. 

total uniformly distributed load; weight of a body. 
uniformly distributed load per unit of length; load per unit of length at a distance 


unity from left end for a uniformly varying load; unit internal pressure. 


ll 


I 


reactions at supports. 
moment at any section. 
maximum moment. 

total shear on any section. 
maximum total shear. 
modulus of elasticity. 
shearing modulus of elasticity. 
Poisson’s ratio. 

compressive stress. 

tensile stress. 
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REINFORCED CONCRETE NOMENCLATURE. Rectangular Beams, Reinforced for 
Tension Only. \ 


fs = tensile unit stress in steel, in pourids per square inch. 

fe = compressive unit stress in concrete, in pounds per square inch. 
E, = modulus of elasticity of steel, in pounds per square inch. _ 
E. = modulus of elasticity of concrete, in pounds per square inch. 

n = elasticity ratio, EH, + KE. 

M = bending moment, in inch-pounds. 
M, = moment of resistance of steel, in inch-pounds. 
M,. = moment of resistance of concrete, in inch-pounds. 

A = area of steel section, in square inches. 

b = width of beam, in inches. 

d = depth of beam to center of steel reinforcement, in inches. 

k = ratio of depth of neutral axis to effective depth, d. 

j = ratio of arm of resisting couple to depth, d. 

pb = steel ratio (not percentage), A + bd. 

C = total compressive stress in concrete, in pounds. 

T = total tensile stress in steel, in pounds. 
Tee Beams. 

b = width of flange, in inches. 

b’ = width of stem, in inches. 

t = thickness of flange, in inches. 

pb = steel ratio (not percentage), A + bd. 


See also “‘ Rectangular Beams Reinforced for Tension Only.” 
Rectangular Beams, Reinforced for Compression. 


A'= 
p= 
fl = 


= 
I 


Zz, => 


area of compressive steel, in square inches. 

steel ratio for compressive steel, A’ + bd. 

unit compressive stress in steel, in pounds per square inch. 
total compressive stress in concrete, in pounds. 

total compressive stress in steel, in pounds. 

total tensile stress in steel, in pounds. 

depth to center of compressive steel, in inches. 

depth to resultant of compressive stresses, in inches. 


See also “ Rectangular Beams Reinforced for Tension Only.” 


Shear and Bond. 

V = total shear in pounds. 

jf» = unit shearing stress in concrete, in pounds per square inch. 
fu = unit bonding stress in concrete, in pounds per square inch. 
Yo = sum of the perimeters of the tension bars, in inches. 

s = horizontal spacing of stirrups. 

P = total stress carried by one stirrup. 
Columns. 

A = total net area, in square inches. 
A, = area of longitudinal steel, in square inches. ° 

A, = area of concrete, in square inches. 

pb = steel ratio, A, + A. 

P = total axial load, in pounds. 


ee ee eh ees 


of) eee ce 


DEFINITIONS. 527 


DEFINITIONS.—The following definitions will be of service in a study of structural me- 
chanics. 

Forces.—Forces are concurrent when their lines of action meet in a point; non-concurrent 
when their lines of action do not meet in a point. Forces are coplanar when they lie in the same 
plane; or non-coplanar when they lie in different planes. Coplanar forces only will be here con- 
sidered.. A force is fully defined when its amount, its direction, and position are known. 

Moment of Forces.—The moment of a force about a point is its tendency to produce rotation 
about that point, and is the product of the force and the perpendicular distance of the point from 
the line of action of the force. 

Couple.—A couple is a pair of equal and opposite forces having different lines of action. 
The moment of a couple is equal to the product of one of the forces by the distance between the. 
lines of action of the forces, or the arm of the couple. 

Stress.—If a body be conceived to be divided into two parts by a plane traversing it in 
any direction, the force exerted between these two parts at the plane of division is an internal 
stress. Stress is force distributed over an area in such a way as to be in equilibrium. Stresses 
are measured in pounds, tons, etc. 

Unit Stress is the measure of intensity of stress. The unit stress at any point is the number 
of units of stress acting on a unit of area at that point. Unit stresses are expressed in pounds 
per square inch, tons per square foot, etc. 

Ultimate Stress.—Ultimate stress is the greatest stress which can be produced in a body 
before rupture occurs. . 

Tension is the name for the stress which tends to prevent the two adjoining parts of a body 
from being pulled apart when the body is acted upon by two forces acting away from each other. 

Compression is the name of the stress which tends to keep two adjoining parts of a body from 
being pushed together under the influence of two forces acting toward each other. 

Shear is the name of the stress which tends to keep two adjoining planes of a body from 
sliding on each other under the influence of two equal and parallel forces acting in opposite direc- 
tions. < 

Axial Stresses.—When the external forces producing tension or compression act through 
the center of a gravity of the body the stresses are uniformly distributed over the area, and the 
stresses are axial stresses. 

Simple Stress.—If P = the force producing tension, compression, or shear and A = the 
area over which the stress is distributed, then 


Feet 2 oalo = IAs aly — 2 1A, 


where f; is tensile stress, f, is compressive stress, and f, is shearing stress. 

Working Stress.—The working stress for any material is the unit stress that has been found 
by experiment to be safe to allow for that particular material to give a properly designed struc- 
ture. The working stress for any particular structure depends upon the material of which the 
structure is built, the loads that the structure is to carry, the accuracy with which the loads and 
stresses have been calculated, the possible defects in the material, etc. 

Factor of Safety.—The factor of safety is the number by which the ultimate stress must be 
divided to give the working stress. 

Deformation or Strain is the change in the shape of a body caused by the action of an ex- 
ternal force. Deformation or strain is measured in linear units. Deformation may be due to 
tension, elongation; due to compression, shortening; or due to shear, detrusion or slipping of one 
plane past another. 

Elasticity—Up to a certain stress in an elastic body it has been found by experiment that 
stress is proportional to strain. This principle is known as ‘‘ Hooke’s Law.” The ability of a 
body to return to its original form after deformation is termed elasticity. If the stress in a body 
is carried beyond a certain limit the body does not return to its original form, but a permanent 


set occurs. 


‘ 
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Elastic Limit.—The elastic limit of a material is the highest unit stress to which that material 
may be subjected and still return to its original shape when the stress is removed, and is the 
limit within which the stresses are directly proportional to the deformations. 

Yield Point.—In testing materials a point is reached beyond the elastic limit where unit 
elongations increase very rapidly without any or with a very slight increase in unit stress. This 
point is indicated by the drop of the scale beam of the testing machine. In steel the yield point 
is from three to six thousand pounds per square inch above the elastic limit. 

Modulus of Elasticity—The modulus of elasticity of a material is the constant, which within 
the elastic limit expresses the ratio between the unit stress and unit strain or deformation. If 
E = modulus of elasticity, P = an axial force; A = cross sectional area of the bar, f = unit 
stress = P/A;A = deformation produced by P in a length J, and 6 = A/l; then 


E=(P/A)/(A/) or E=f/6. > 


The modulus of elasticity may be defined as that force, were Hooke’s law applicable without 
limit, which would produce in a bar with a cross section of one square inch a deformation equal 
to its original length. 

The modulus of elasticity of steel is very closely E = 30,000,000 Ib. per sq. in.; the modulus 
of elasticity of timber is approximately H = 1,500,000 lb. per sq. in.; while the modulus of elas- 
ticity of concrete varies from E = 1,500,000 lb. per sq. in. to LE = 3,000,000 lb. per sq. in. with 
an average value of H = 2,000,000 Ib. per sq. in. 

Shearing Modulus of Elasticity——The shearing modulus of elasticity, also called the modulus 
of rigidity, is the modulus expressing the ratio between unit shearing stress and unit shearing 
strain. The value of shearing modulus of elasticity for steel is about % of the value of EZ, or 
G = 12,000,000 lb. per sq. in. } 

Poisson’s Ratio.—Direct stress produces a strain in its own direction and an opposite kind 
of strain in every direction perpendicular: to its own. For example a bar under tensile stress 
extends longitudinally and contracts laterally. Poisson’s ratio is the ratio of lateral strain to 
longitudinal strain, and is a constant below the elastic limit. For steel Poisson’s ratio is 4 to 3, 
while for concrete it is from } to yy. 

Rupture Strength.—In testing steel the cross sectional area rapidly decreases beyond the 
ultimate stress and if the rupture stress be divided by the original cross sectional area the unit 
stress at rupture will be less than the ultimate stress. 

Ultimate Deformation.—The ultimate deformation is the total deformation in a prescribed 
length, commonly 8 inches, or 2 inches. It is usually expressed in per cent for a length of 8 inches, 
or of 2 inches. 

Work or Resilience in a Bar.—The amount of work that can be stored up in a body under 
stress within the elastic limit is called resilience or ‘‘ internal work.’’ When the external force 
has been gradually applied all the work may be recovered when the force is removed. 

From the law of conservation of energy the external work due to the force is equal to the 
resilience or internal work. Ifa load P is supported at the lower end of a bar without weight, hav- 
ing a length 7 and a cross sectional area A; then the external work will be }P-A, where A = the 
total deformation, and the internal work or resilience will be 


eR scktida Nuon (Ae PD ETE 
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when f = elastic limit of the material then 3f?/£ is termed the Modulus of Resilience. 
Stresses due to Sudden Loads.—In a bar acted on by a static load, P, gradually applied, 
the total resilience will be K =34.P. If the load P is suddenly applied we will have K = A.P, 


from which it is seen that the stress produced by a sudden load is twice that produced by a load 
gradually applied. 
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Impact.—The stresses due to moving loads are greater than the stresses due to loads at rest. 
The increase in stress of the moving load over the load at rest is called impact. For a discussion 
of impact stresses in railway bridges see page 161, Chapter IV. 

STRESSES IN BEAMS.—When a straight beam or bar is supported near the ends and 
carries loads or forces applied transverse to the length of the axis of the beam or bar, the axis 
of the member assumes a curve. The transverse loads or forces are carried by flexure, which is a 
combination of the three simple stresses of tension, compression and shear. For example, a simple 
beam resting horizontally on supports carries a concentrated load. The fibers on the lower or 
convex side of the beam will be elongated and are therefore in tension, while the fibers on the 
upper or concave side are shortened and are therefore in compression. Shear is taking place 
between each vertical plane of the beam and the plane adjoining between the load and each 
support. Since the longitudinal stresses in a simple beam vary from a maximum compression 
on the concave side to a maximum tension on the convex side, the stresses will pass through 
zero on some plane, called the neutral plane or axis. Also since the fibers on each side of the 
neutral axis carry different amounts of stress, they will lengthen or shorten different amounts, 
and there will therefore be horizontal shearing stresses as well as vertical shearing stresses. 

Neutral Surface and Neutral Axis.—Under flexure a beam is curved, and the fibers on the 
concave side are in compression while the fibers on the convex side are in tension. The neutral 
surface is a surface on which the fibers have zero stress, and the neutral axis is the trace of this 
plane on any longitudinal section of the beam. In a simple horizontal beam carrying vertical 
loads the neutral axis passes through the center of gravity of the cross section of the beam, for a 
rectangular beam the neutral axis is at half the height of the beam. Where a beam carries loads 
that are not at right angles to the neutral axis of the beam, the beam is in equilibrium under 
flexure and direct stress, and the neutral axis or line of zero stress will not pass through the center 
of gravity of the cross section of the beam, and may fall entirely outside the beam. A bar carrying 
simple tension or compression may be considered as a beam in which the neutral axis is at an 
infinite distance from the center of gravity of the cross section of the beam. 

Reactions.—For any structure to be in equilibrium, (1) the sum of the horizontal components 
of all forces acting on the beam must equal zero, (2) the sum of the vertical components of all 
forces acting on the beam must equal zero, and (3) the sum of the moments about any point of 
all forces acting on the beam must be equal to zero. Having the loads given the reactions can 
be calculated by applying the three conditions of equilibrium. 

Vertical Shear.—The vertical shear in a beam is equal to the algebraic sum of the forces 
(reaction minus the loads) on the left of the sectiom considered. 

Bending Moment.—The bending moment at any section of a beam is equal to the algebraic 
sum of the moments of the reaction and the loads on the left of the section. 

Relations between Shear and Bending Moment.—In a simple beam carrying vertical loads 
the shear is a maximum at the supports and passes through zero at some intermediate point in 
the beam. The bending moment is zero at the supports and is a maximum at some intermediate 
point inthe beam. The shear is the algebraic sum of all the forces on the left of a section, while 
the bending moment may be defined as the algebraic sum of all the shearing stresses on the left _ 
of the section. The definite integral of the loads to the left of the section equals the shear at the 
section, and the definite integral of the shear to the left of the section is equal to the bending 
moment at the section. From the above it will be seen that maximum bending moment will 
come at the point of zero shear. 

Formulas for Flexure.—Applying the conditions for static equilibrium to any cross section 
of a beam we have, (1) Sum of Tensile Stresses = Sum of Compressive Stresses; (2) Resisting 
Shear = Vertical Shear; (3) Resisting Moment = Bending Moment. 

Resisting Shear.—If the shearing stresses are uniformly distributed the shearing stress 


will be 
fo = V/A. (1) 
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The shearing stresses are not uniformly distributed and for a rectangular beam f, = $V/A, 
while in a circular beam f, = $V/A. 

Resisting Moment.—The bending moment at any section is resisted by the moment of the 
tensile and compressive stresses which act as a couple with an arm equal to the distance between 
the centroids of the tensile and compressive stresses. The moment of this internal couple is 
called the resisting moment. If f = the unit stress at any extreme fiber on the surface of the 
beam due to bending moment, c = distance from that fiber to the neutral axis, and M = the 
bending moment, or the resisting moment, then " 


ay et ene 
M= C the or f T ° (2) 


where J = the moment of inertia of the cross section of the beam. 

Moment of Inertia.—The moment of inertia of any area about any axis is equal to the sum 
of the products obtained by multiplying each differential area, dA, by 2’, the square of the distance 
of each elementary area from the axis, J = Dz?-dA. The moment of inertia of any section is a 
minimum when the axis passes through the center of gravity of the cross section. 

Section Modulus.—In designing beams it is convenient to use the ratio S = I/c, so that 
M =f-S, orf = M/S. The ratio S is known as the section modulus. 

Tables of Moments of Inertia and Section Modulus.—Values of moment of inertia, J, and 
section modulus, S, for different sections are given on pages 548 to 551, inclusive. Values of 
moment of inertia and section modulus of structural shapes are given in Part II. 

Deflection of Beams.—In a simple beam carrying vertical loads the upper fibers are shortened 
and the lower fibers are lengthened, while the fibers on the neutral axis are not changed in length 
but the neutral axis assumed the form of a curve. The differential equation of the elastic curve 
of a horizontal beam carrying vertical loads will be 

d*y M 


dé ~ ET’ (3) 


Substituting proper values of E, J and WM, integrating twice and giving proper values to the 


constants of integration, the values y, or the deflection may be calculated for any point in the 
beam. The equation of the elastic curve of beams of various types are given on pages 531 to 
547, inclusive. : 

The maximum bending moments and shears in beams due to moving concentrated loads are 
given on page 542. : 

The moments and shears in continuous beams are given on page 543, page 544 and page 545. 

Formulas for stresses in reinforced concrete beams are given on page 546, and stresses in 
columns, safe working stresses, and safe loads on slabs are given on page 547. 
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SIMPLE AND COMBINED STRESSES. 


(AXIAL TENSION. 
é Unit tension on m-m, 
- =f ’ (a) 
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3, WIMTPLE SHEAR. 
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5, DIAGONAL STRESSES: COMPRESSIVE /URCE. 
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7 DIAGONAL STRESSES: COMPRESSWE Xt SHEARING [ORCES. 
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2. AXIAL COMPRESSION. 
Unit compression onin-in, — 
ke = a7 x C) 
/otal compression on I-I, 
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Area for given stress, 
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‘where A=area of section m-m. 


4, DIAGONAL STRESSES: TENSILE FORCE. 
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9.FLASTIC DEFORMATION: TENSIONAND COMPRESSION, 10. ELASTIC DEFORMATION: SHEAR. 


Noavius of Se Modulus of Liasticity, 

A yg ale @) ee ay: Greets 
rr YU, v/a 7 Ht 
*'  Jotaldeftormation, Total deformation, 
BW a ee | Se 
De Z 4-7 IE () A-f2- £4 
| Opt Ce 
y.. Y Ea a me 

O= es (C) 


where A=area section im-n. 


UeULTUMATE DEFORIVATION: 


Longitudinal rupture, $ec.17-M, 
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Fercent elongation, 
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15, DESIGN OF SINGLE RIVETED LAP JOINTS. /6. DESIGN OF DOUBLE RIVETED LAP JOINTS. 


See figure above. For Butt Joints see Chapt XM! 
/Tost ale joint for cylnaersandpipe, 
wD ke 
en gagi le ee id= lip ig/A 
@) Co (c) (a) 
(Yost efficient oint far given thickness plate, 


Jee figure above. 
/fost efficient poo. olinders and pipe, 
aa ee 26 
efig ities © etip [1 ifs 
(a) (bh) (e) (al) 
Mostefficient joint forgiven thicknessplate, 
a= 4; p= Mn Se ld eB; 


(e) oF ee ie ie (/) be 
For joints withimore than (worows of rivets see Chapt.XVII. \ For jones with more thant wo rows of rivets 5ee Chapt XV 


FLEXURAL STRESSES. 


IZ FLEXURE FORMULA. 


fiber stress ave toagiven moment inagien beam, 
f= 4s @) 
/oment to cause 9 giver hier s1e55 na given bed, 
£L. () 
Section modish given Mmotnent ana fiber slress, 
5=Z=2 (Cc) 
LYoment of inertia ae given moment, Fiberstress 
andaistance Fo extreme fiber; 


ste () 


19. SHEARING STRESSESIN BEAITS. 
Average unitshearing stress, 


Ris 
h= A , @ 
Unit horizontal shearing stress, 
(longitudinal shear) 
4h a me, (0) 


Oi: centroiih a 
a . “D ape bo Tr =staticmnoment ofares, 


— abovesectiontonsidered about 
nevtralax/s. For horizontal shearet m-m, Pa= 
orea of shaded portionmultiplied by z, the 
aistance Loits centro. Themax. unit horiz- 
ontal shear will occur al Lhe nevlralax/s. 


Z ¥ r 
Levtral Axis’ 


The max.unithorizontal shear For arectang. 


War beatn=Z average unit shear, for circular 
section Zand for enF-beam may beasmuch 
asl5 Limes average Uiul $hear- 

Porrolled or built [beams themax.onit 
horizontal shear very nearly equals Lhe botal 
vertical shear divided by area of web. 


2/1. TORSION OF SHAFTS. 
Solid round shak ts, 


H 
f =321,000 Na? (6) 


bop 5) Ltp3 


Solid square shafts, 
Pe= 4 of? va (approx.) (a) 


H 
O00. +” 
Pe Hl 


(Cc) 


(e) 
H=horse power. 
/¥=rev.per minute. 
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18. ELASTIC DEFLECTION OF BEAMS. 


Lifferential. equation [rom which equation of elastic 
curvels found, FI ey ay @ 


ho determine elastic curve whenTand Fareconst- 
ant, Integrate twice determining constants of 
Motegrabion by substituting known valves of slope 
and defection and corresponding valves oFX . 

Theequation of curve changes at every concen- 
trated load but /s same throughoutfar uniorm 
load or for unforinly varyingload. 


20. COLUMN FORITULAS: AXIAL LOADS. 
Straight Line Ce 
ene BL 
for Bay aand bs see lable lApage 80. 


(a) 


Frankines (Gordon's) formula, 


CR 
eS (6) 
A 72 
WBE; 


For constants aand@ SeeTablelk pages 0. 


fFuler’s Formu/a, 


According to Merriman a has the 
following valves; 
Both ends hinged, a= 1r® 
One end fixed and one hinged, a" L741? 
Bothends fixed, a" =r? 

/n Euler ’sForinv/la F=ultiinate strength. 


22. STRESSES IY HOOKS: Approximate Solution. 
Maximum tension, 


where A=area of sec tion 
m-m, e = alstance from line 
ofaction of load, F, to cent - 
rota of mi, c= aistance 
from centroid Eo extreme 
fiber on Lension side, L= 
moment of inertia of 5€c- 
tionm-m about ax/s thr- 
ough centro. 

for exact soluhion see "Slocum and Hancock, p91. 


13 


cax/s through centroid of secm-m 
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£3 PLATE GIRDERS: See also Chapter XV] 24 UNSYPIMETRICAL LOADS ON BEA/15. Approximate Solution. 
Wlfomentall carried by Flanges, (7=max moment for vertical hads. 
/1=A,-fh @ Brel J,= moment oF inertia, axis /-/ 
(2) One-eightharea of web aval/ableas Flange < \. L,= moment of inertia, ax1sc-0 
area. M=(Ar tA Fh @) i 
(3) foment oF inertia of net section, Sy Max compresswe Fiber stress, 
pees (c) ° bn ee, ©2508} (5) 
(4) foment of inertia of gross section, ‘GDS ? L L 7 ‘ 
Mail (dJ % (Max Censile Fiber stress; 
A and Ay = netareaofanefan, e INAGrOSS area ans =f 16050 , C2510 
of web,L ana I =moment ens of gross ‘ a ie L; / a 
andofnetsection,h=aist. ¢ tog of Hanges. 


LI.ECCENTRIC LOADS ON PRISI1S: Seealso Chapt. V. LO.FLEXURE ANODIRECT STRESS. 


‘ ney Cra 
w/ q 
Flexure and compression, f=- 7 te FPEEAE ;(2) 
vy Wc 
Flexure and tension, ipo 4 +7 PIE 7 (PTERE 
k= 10 For both ends hinged, (4 for one end hinged 
and onelixed, 32 for both ends fixed 


Approximate formo/a, 


for direct stress either tension orcompression. 
M may beavetoweght ofmember orto external load. 


27. TRUE STRESS. 
<< =apparent umt stresses 


. 
. 
My 
S 
BS 
As) 
$ 
Ses 
S 


- 


-P=Rsina+W t,=trveunit stresses. 
/1-hsince~heosahsWe, yi (a) 
Itressatm, i Ue; Me _Stressatmlp. He fe , as a : (6) 
rae A ah -Ab-Aly (c) 
ae Se ies of section m-m about arisi-n, If any stress istension chan- 
A=area of. section m-m:. ge its sign inabove formulas. 
Line of action oF resultant, x=P ; A=3 For steel andwrovghtiron. 
It theres tension atm ond section wilaatisle it the 2 ae : Ae 4 orcast Iron. 
stressat m=0 and a m= dts g Be eat sec.| A=Poisson’sRatio. — A=7 for concrete. 


28. CYLINDRICAL ROLLERS. L9. THICK PIPES AND CYLINDERS: Internal Pressure. 


i 
Unt Stress for given load rf WE 3 ‘ a Maximum unit bension, 
oe 
androller, bw th a 
Length forgiven load, alam. Reape ; 


and. unitstress, a Sales i — Maximum unit compression, 
talhadtigenle Sn) gfe) A. ti 
: / Ufe, 
Loadpervuntlength for — y_kpp/ZF fe unit tension and internalradivs 
gwen roller and umt stress. 3 ap fees gts «) 
D=adlam. of roller. L=length of roller, ua 
£=modvius of elasticity. Wwe hed 


WORK OF RESILIENCE. 


30. STRESSESIN FLAT PLATES: UNIFORM LOAD. 


Circular Flake, 
EMCUMEPSC@ICE Fixed, 


Circumference e Supported, 
f=. Um wr? 
[28 E 
Rectangular Plate, 
Circumference Fixed, 
. at.w.b% 
” Hab 9e?’ 
Circumference supported, 
Unit stressis about Z 
Lhat for circumPerencefi Ned. 
SquarePlates, 
Circumference Fixed, 
f= Wea Wad 2 
Ate! 
Circumference supported, 
Unit stressis about g that 


for Pe reice. fixed. 


See Chapter Vill, p. 3/3. and Table /35, 


General Formulas; 
~. JX6A_ SxdA 
oy a aaa 
Vs Ly OA = Ly6A . 6b 

gap ra 

Structural sections canbe 

divided into Finite elements 

-Lheproperties of which are 

known. Then(a)and(6) become 
ye 24d 20ry, eo 
j- 2 yd. erm; (a) 

9n2Static moment gbout given axis, 

Infigl let A, ,A,,A;and Ag = 

areas of top ls, bottom Ls, cov. 

: Tak paves ps. MA Yrs Ves Vg 

+ be ordinates of their centroids. 
#20 by symmetry. 
y= ETy_ AV itAesot AytAgyy 

A A,tAp+Az+Ag 

Fig3 Centroid of Ee, 

ee Centrordofanytuoareas. 


G entrold A, 


\ 


a 


ae ISN 


gio A, tee ue 


WA, OO < 
wage Fi od Te 
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3/. WORK OR KFSILIFNCE. 


BA RS. 
Work donein stressing a bar below elastic 
hint.From Otok ve Olof, 


k=3P-L=3FEA1= t(£ Ad (a) 


AMP PER tOr: 


Bee 2 SPA, =3(L6,-F6)A0; (0) 


Lhe FS 
“pie Me 
BEANS. 
Deflection under one load’, 
ed f Fix =| Ide 
Laie [fie 
Deflection at any point, 
— [UUSTEX | a) 
Teleasi ine 
where l1,=moment at any point ave to 
given lading and M=momentat any 
point due to a unit load placed at the 


pont at which the deflection /s reg- 
uired. 


33. STOMENT OF INERTIA ANO PRODUCT OF INERTIA. 


Tran kbs te fo pase 


fe S 
fee fy-k rsd? L-lAds) 


i rh dliipts ae A2(6) 
Try Je +A, (c) 
Ly; Tx tly, 
is’s teh f 


centroid’ X 


Lrl, lg tly 
4 =L Cos bil, sin'b py sin Lp| 
Syl hy) Sind px, ,coslf 


Frincipal/foments oF Inertia; 
tenla =Lhir/ Ly -L,);(0) 
L=1, cosa ely sin ap, Sina 
Lh; tly-L; s (A) 


Axes are designated bysubscripts. 


. I 
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34 + CanriLevEr BEAM wiTH LoAD,RAT FREE END- 


p) 7 £ ei 
ae End Reaction, Fz =P: 
pages ay Y Beam Shear at any point k=P- 
Moment at any points 
Shear Mx = PX: 
Diagram Meximum Moment, M= PI- 
Moment Rhee of Elastic Curve, 


Di. 
eer y=£, (202 30% tx9) 
. 6E/ 
Elastic PL 
Curve: A= SE 


35-CANTILEVER BEAM WITH UNIFORM LOAD, W PER UNIT OF LENGTH- 
w per unit oF length L£nd Keaction, R2= wl- 

4G, Beam Shear at any point V.= wx-+ 

! oe Max: Shear, V= wi- 


Moment at any point, My = 
Max- Moment, at Right Support, M=" 


Lavation of Elastic Curve 


Wwxe 
ae 

Disgram 

wl * Moment w 

2 Diagram ae 2H ( x*40xt314) 


Flestic 
Vi Curve 


End Reaction, R2=P. 

Shear between P and Support =P. 

Moment between P and Suppor! P(x-ki) 

Max: Moment, at Right Support=P(t-kl) 
Disgram ies of Elastic Curve between hp 
yee FOU a 3046404) 


Diagram Pee under Load, A’ =F; (2-k u* 
Elostice 


Curve Max: Deflection, A= 2" ( 2-3k +k?) 


oo 


2 
End Reaction, Re = we 
Shear af ig ae Vig = Ee 
Max: Shear, V= 


wl? Shear Moment at any “sie i Saas 
| 2 Diagram Max- Moment, M= wee 


wx? 


WX 


wl? Moment Lquation of Flostic Curve 
6 Diagram Palade C Liev s 
oy /6 T20ET x 514447") 


Flastic wit 
Curve Max: Deflection, A= aeoey 
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JESIMPLE BEAM~ CONCENTRATED LOAD AT THE CENTER: 
i, Lad Keactions, Ky = Re =£ : 


beam Shear a&t any point: 
Between 8 & Pand pe en PER, Vy. 
Max. Shear, V=# é- 
Shear Moment at any ie 
f Diagram Between R, & P; My =R.x = Lx. 
222, Ae Between PE Re: My = RiP li Z)=£ (0-x,) 
1 Disgram Max- Moment, M= Zi, occurs eee $° 


Llastic Curve oy Detections : 

dere i Between KR, & P; eg ae 4Ax7-32%) - 
a> Flestic between P& R>; saymipetrigel LE center. 
a rae curve Max- Deflection; "A= ‘* 7 a= Z : 
S eeapaegre! i 
J9 SIMPLE BEAM ~- CONCENTRATED LOAD AT ANY POINT. 
End Reactions: R; = E, ie Ple-a) . ’ Re= - 2 2. 


Shear at any point: 
Belween RB, & By Vee = ree 
Between PE Re, Vig = “ee = fa. 
Mex: Shear; for a<&, VE Bs for a> &, V=R2- 


Moment af any point: ae oa) 
; Sheen Between R,& P; Me =R.x = x 
em 3 Disoream Between P& Ro; My =Rx-Plx, ae Fite) ee 3) 
PEA) | Pl 1-3) . | Z 9 Hox Moment; M=Ra= Hb8 Y3; occurs et xa 
Z ick g Momen? Flastic Curve and Deflections: 
Diagram Between hk y= ES. Le ig @) (2la-a?x?). 
wes 
iaeraa te aye leap last between FAR; Yas hs (Le) (214-2 2x/)- 
Aa a PFSTIC 

aan Curve laxbefT; sa $yhe LEH aera aot] EEG 2) 
scmier ce mel " Hea) alceafe =f ira HACT-3 
{ ; NMaxbefl; a>; = alta ; X= 2) 


" 40-SIMPLE BEAM ~Two FovAL CONCENTRATED L OADS, SYMMETRICALLY aaa 
End Reactions ; Ry =R2 =P 


Shear af any point: 
Seam between R, and pa Vex P. 
2 Between Loads; Ve= 
Between EE! a ; Vu =f. 
Max: Shear, V=P: 
' Moment at any point: 
Shear Between R,and left P; My =Px- 
: Pp diegram between Loads; Me=kx-P(x-3) =Pa- 
1 Pk ' Max: Moment; M= Pa- 
Petilliciitlinse Moment Flastic Curve & Deflections: 
Diegram between k, & left P; y= bey (3la-39*-x?): 
K-> “YY, 7. ! 
Rife Flostic between Loads ; y= ya Pa (3 Lx-3x*-97) + 
Xan curve between right P& Rez ; symmetrical with left load & Ry: 


Max-beflection; A £2, (32245°); X= v2 


‘ 
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4/, SIMPLE BEAMN- UNIFORM LOAD- 


w per vatt lengths 


beam 


Shear 
Diegram 


Moment 
Diagram 
Flastie 
Curve 


End Reactions: k,=R2= wi 2 


Shear at any point : 7 = “wl Wx 

Max. Shear ; V= we pac otf a support 
Moment at any ete Mx = Mx SZ wxt 

Max: Moment; M=gwl%, occurs at center. 
Flastic Curve and Defarines: : 


Z PA 
ee ilk as ye 
we 


Max: Deflection; A = A Fry X= Z ° 


42. SIMPLE BFAM- TRIANGULAR LOAD sees Yes ee AT THE CENTER: 


j wl* Diagram 
8 


Moment 
Diagram 


Flastic 


Curve 


Shear 
ke Piegram 


ale <5 Moment 
6 AS. “4 Disgram 


WE: 


pr _4 “esti Curve 


Shear 
Diagram 


Bake es \ 
O51 t0 agit W]] 22 


Moment 
Diegram 


Elastic Curves 


Total Load = 

£nd Reactions: See =Pp = a 

Shear at any point: ee 
Between Ry & Center j Voc = Wh $a aye 
Between Cnn a Ve = w (gl? 2% +X) 
Max Shear; V=4 wl4, occurs of supports: 

Moment atany point: : a 
between k, and Center; My =wx (; or 2) 
Between Center & Re; j My = See at 134. 91%-I21 x2 +49?) | 
Max- Moment; = 33 L wl; oiceee ot cenrer- 

Flastic Curve and beflections: 


talenwen Ii eae es = x8 a - 


Between Center & Rp; 5) yametrical- 
Max DeFlection; A = of ves pam 


Vi 


are 


Fea 


Total Load= ur 
End Reactions : Ry =g 4wil*; Ra= gw fs 
Shear at any points Vee W / WL = 2) 
Max: Shear 3 V=F$wi;. secure of right support 
Moment at any point: yas AB (1?-x?). 
Max-Moment; 1=0-064 wl} occurs at X=0-5774 t- 
Flestic Curve and Deflections 5 
Y= Beh Et 5 tH 07) wi? 
Max: Deflection: 3 4= 000652 Fy X=0-5/9/3 t- 


We ie 


Total Load = wl 
Lnd Keactions=k,=5 Li, t +e!) s Ke= id wel) 
Shear at any point: | Be w; (Sx) + 42 (-Z-x?) 

Max- Shear 3 V= E(w, + 2 We 22); occurs at right supporh 
Moment at any oes: My = (ix-x) t B(t¢ -x?) 

Max: Moment; M= ime + Ms ie Z JZ (A pprox) 
Flastic Curve snd DeFlections : 

74) 


1 le Ee 
Y= fe PRIA ES (SES 
j X= 0512 (Approx) 


Max beFishesi EONS Wel, 
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45.BEAM OVER-HANGING ONE SuPPoRT ~ UNIFCRM LOAD+ 
w per unit length Reactions: R,=Fwl- Jum 7 *): Ro=swltewmrsnm(Z / 2) 


e Beam Shear atany point: 
1 Shag Between 8, & Re3 Ve= Ri - wx, ° 
eng Between Re and Endj V5 = w(m-Xz2) 
; i 3 .: Moment at any point: 
peo Vx oes Between ky & ke; Men Rye wx? 
a oe dp hail Between ke & £nd; My = Zgn-x) * 
M _oeag ae Mt eS, Max. Positive Moment; Ma Ws joccurs when amt, 
x ZAI pes ent Max: Negstive Moment: = £wm occurs of x= he. 
1 2 Lo . °F? Elastic Curve and DH ecronke 
ee lostie between Rk yi (6-05) wit thy] 
burve Between kz & End; y= a , yj W(Oms-Amxst3ligx4)- ~Ofp PLE, 


46 ‘BEAM WER-HANCING ONE SUPPORT ~CONCENTRATFD LOAD AT ANY POINT= 
Reactions; Ry= One, ke afl l-a)t fa (intl) | - fell) 


ee fea Shear af any point: 
Ss. eho between. 8& Pt V=R,3 between PE Rj Vy=R-B 3 
oo Diagram Between kz & B. 5 Ve = Pee 


Moment atany point: 
waaenr Between X43 My =RX, + 
/ Between fh & Re; Me=Rixe-F (atx2-Y) 
Elastic Curve Between ke & Fe 3 My = Bey, 


47°BEAM OVER-HANGING BoTH 5uPPORTS — UniFoRM LOAD- 
w per unit Jength Reactions: k= #lntl) 2n2/; Re =$la +4)= -M ¥J 
Beam Shear af any point: 


between left end & kr 3 Vx = w(m-x) 
Letween R, & Re jx = Ry -w(mrx2) 


Diagram 


Shear Between Re & right end; be= w(n-x3) 
Disgram Max: Shear; V= wm, or Ry-wi- 
Moment at any point: 


between left end & Ry; My = =tw(m-x,)*- 


ee Between k, & kz 3 My =$w(in + &2)*-Ki X28 

ee: Befween Re & rightende Met Zwln-xs)*- e 
Nox Fositive Moment ;M= =f, fi ow, Lm) OCCULS AF Xp =F 
Flastie Max-Negative Moments, M=£ wath; M=zwn at R 


turve Points of Contrallexurey X= [Kz Lape Vy Ki)= 2k 2k. 


Reactions + Ky = 


Shear at any point: 
Shear Between hati Viele + hy ER, VoB-Ri3 Re EP, Yer Be 


TE aR VE 
Pale 2 . 
oo ' : Moment at any pointe 

aces | Ok a Between 2 & B13 My =F (m-x,) 
IO ro? Moment Between BR: & Re 3 Me= hin t-R) x2+ 
QTE’ Diagram Between k2& 23 My = Fe (77 ~X3) 
ot we Flastic Moment atk,j3 M=Fm; af K2, M=Bn- 
Curve 


Bim P201 42 3 Ree Ba-fin » Py 


beam 


s 
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| 29-BEAM FIXED AT ONE END AND SUPPORTED AT OTHER - Ci Ne LOAD A ee 


Disgram 


End Reactions +k. = pal fs 273 LO) p= =p/= oS i] 
Shear at any point Between hk? be=h;; between PE Re, Ve=Ky-P 
Moment af any point: Detneen RAP: Meher; between PA My =KiXe hes) 
Max: fositive Moment: M=K,a, occurs under lead: 
Max-Negative Moment: M-kL-P( Ca), occurs at Fixed end- 
’ Point of Contraflexure: Xp= £2.. 
Llestic Curve & Deflections: ** 
Between dlp y gel Phd hexF- 370-3) 
between PE key = pak (21 “Six 3) —3 Pa (Cx) ef 


for 2= 04/41; Max Deft: A=0. WEL occurs under load- 


JF P18 4 Movine LOAD: 


Mt Moment . 
Lisgram 


Flestic 
Curve 


Shear 
Diagram 


Moment 
Diagram 


Z 
ua ——* Elastic Curve 


Shear 
Diagram 


Moment 
Lisgram 


Flestic 
Curve 


Absolute End Reactions: 
k=P occurs when a=0; Ke=P occurs when a=L- 
A pealute Maximum ewe : 
Ky=Foccurs when a-b at x=0, k2=foccurs when a=l, af X=l- 
Absolute Maximum Moments: 
Max- Moment 1s Negative and 1s M=0-/925 PL; occurs 
ot Fixed end wher 3a=0°-5774- l- 
Absolute Maxinym Deflection: 


A=0-0096 E xe , occurs under load when a=O0-4/4L2- 


Lnd Reactions: K,=% July Ke= e Zyl. 
Shear at any point: Ve=w (#2 = x). 
| Max: Shear; V= gui, OCCULS Sf FI ihe 
Moment at any adits My=wx (#l-£x) 
Max Positive Moment, M= “eh wo, occurs ot x=Z1- 
Max: Negative Moments ee OUTS OF Li ‘ght supports 
Point oF Contraflexure; Xo=Z Ll 
Lilestic ¢ curve and LDeflections: 
VENUE ALU 
Max-DeFlection ;4=0-0054 #& 5; wl) ) X=0-42/5 1+ 


End Reactions: Re ZP; Re= = # p. 
Shear at any point: 
Between R&P. Vx= 72 P; Between PE Ro; Ve= 56! Ht Pe 
Max: Shear; y= 2 ie FP occurs af Kap - 
Moment af any point g ‘ 
Between k, EP; My= jz ZP: Between PE Re 3 My =3 LPL ig aPx 
Max Positive Moment:M= 3B 3 Pl, occurs under Joad- 
Max- Negative Moment:/7'=7¢ 271, occurs at Fixed ends 
Elastic Curve & Deflectrons ¢ 


Between h&P3 Yee (Ex? ~3 27). 
Between P X Re 3 y= xh (LTE. ae LAL x2) x2 
Max Deflection ; 5420 00932 £2". jX=0-4472 L- 
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52. BEAM FIXED AT BoTH FINDS — UniFoRM LOAD- 


w per unit length ind Reactions: h=ke=£wi- 
NAN ee beam Shear af any point: ine ewl-wx- 
! 
é 


Max- Shear 3 V=% ue occurs af supports- 


Shear Moment at any point: M.= ANd gl*rlx-x*)- 
Diagram Max Positive Moment; =z 24h wlroccurs af center- 


Max- Negative Moment; MN; Lie occurs af supports: 
Moment Points oF GantraFiguce: ; Wan = ODU3 lL; x¢=0-7887 c- 
Yiagram SS eu and Deflections: 
Elastic Y<pgp (UL Ix x4) « 


Max: DefT:; phage, x=Z£ 


Curve 


End Reactions: Rj=Re= = 


Beam Shear at any polnt: Vyx= at ZP- Max: Shear V= Zz P. 


Moment af any point: 
Bheak Between R, & P; ie =£P(x-£1)- 
Diagram Between P& Re ; My he =2P(2 Cex). 


Max-Positive Moment; = 3PL, occurs af cenfer- 
! Max-Negative Moment; M = = SLP Z ) occurs of supporrs- 
Moment Points oF Contraflexure; soe 5 jaz ite 
Diagram — Flastic Curve and ad AZ OEN 
between R, & P3 y= ox th eg 2 #L)- 
Between P& R23 5. TLE 
Max Defl; A=jgp 2L°; X= Z. 
J4:BFAM FIXED AT BOTH ENDS~ CONCENTRATED LOAD AT Ae POIN. 
Lind Reactions: y= P -+=22 4*(5a 5 d= R> =P bea) 
Shear at any point: Between k,& P; Ve ‘Kk; Between PER; 3 VR. 
Max- Shear; V=R, For a<b; Y= =f, for a> b- 
Beam Momentat any point: ab? 32h 
Negative Moments at Supports; M,=-P 72; Me=-P rs 
Between AF; lhe=KXtMy- Note that My carries 
Between PER; My=Kx, 41, Pbe-a) 2 Minus sign- 
Max Positive Moment: M=R,at My occurs under load: 
Shear Nax-Negative Moments occur at, supports: See sbove- 
Diagram Points oF Contraflexures Xo = 52553 Xo = e- & 2 
Flestic Curve and Acad sbi : 


Between RA Pj y= Zarr3 5E fb 55 POX" [351- 3ax-bx]- 


flastic 
Curve 


Letween P and fos 23 ive LUXS x, [Petite Sax bx/. . 
Moment Defi: See 6£12 i ea: , 
Diagram Nax-Def?, when ay b; = foe gees g. =f2 _ 
Max Def 3 when a¢b3 A=~ 3 oie 3 3 occurs af X= STP 


IF P 18 A Moving LOAD: 
Absolute ax Shears; =P occurs atk, when a=0; af Re when a= l 


Flostic Absilute Nax Negative Moment; 14= Ahly occurs when a= 3 Z- 
Curve Absolute Max Negative Moment; Mp= 23 FZ Pl; occurs when a= $l: 
Absolute Max: Positive Mament; es LPI; soccurs When 3 = ZZ : 


Absolite Max. Deflection; A= gp ae ay occurs wher a= Zz : 
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55, MAXIMUM SHEARS AND IMOMENTSIN SIMPLE BEAIMS FOR MOVING CONCENTRATED LOADS. 


Griterion For [faximum Shear: 

The maximum shear ave to moving concentrated loads will occur at one support when one 
OF the loads sat that supportand willequal the totalreaction. The load giving the maximum 
must be determined by trial. 


Criterion for Maximum Moment. 

Themaximum moment due tomoving concentrated loads will occur under one of the 
loads when that loads asfar From one end as the center of gravity ofall the loads on the 
beam /s Fromthe other end. The load giving the greatest maximum must be found by trial. 


For beams fixed at one or bothends and carryingone load, see 49and 54, in this chapter. 


6. Two EQUAL LOADS. 


a.ONELOAD. 


' 2 


Me - ee ee 8 na a ee ee ei - - 


Max.Shear, A=0; V=F; ath. 


Pn mss err nn wren 2 = === > 


Max. Shear, X=0; V=P+Pi3; al Rf, 


/Tax./Moment, X =f) AAPL sl Fe 


Ay ay mepllae 
> 7 /Tax.Moment, A (2 Bilt ae 


/Fais greater than 0.586 Lone load gives max.!1asing, 


ot. FOUR EQUAL LOADS, EQUALLY SPACED. 


¢. THREE EQUAL LOADS, EQUALLY SPACED. 


I~ - — — -—------ 0) —--- =~ +--+ 


5 
NMax.Shear, X7a; V: "4Pi #2 SS eal he 


/Tax.Shea,  X=a; y=3p £4 Some hrs 


Max. Moment, X= A (2- 32) : M=Pit-2a fh a2. 
Ifa isgreater than 0.682, three loads guemax.!1as inc. 


/ax.oment, X 2 by Wee “PZ (-a 7) ; ALL. 


F315 greater than 0.450 1, two loads give max.asin b. 


e. /W0 UNEQUAL LOADS. F. Two EQUALLOADS ANDO ONE SMALLER LOAD. 


/1ax. Shear, X=0; V=P +P. a eked 


Af ba jpg fppj4e 
/tax. Moment, X: > fe Bpfilt [Pet], jalP. 


/Yax.moment mayoccur For one loadas in 3. 


Lp hotel y. Rb, 2 ps. 
Moxtoment Xs Se tte HY Fa;at2. 


/Tax.moment may occur For two equal loads asin. 
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36. CONTINUOUS BEA/15, UNIFORM LOADS, CONSTANT MOMENT OF INERTIA AND MODULUS OF ELASTICITY, 


4. / 4, 


Shean | Gil Ie ARI An tro | 


<—eo sie 
beter, ZINN. CIN. VW ZITESRELIL 
: ae ee peas 
n& span eS (41) 2 


Support, | 
feaction, Fi, 
/oment,/, 


Relation between momentsat supports for then“ and (ntl) £ spans, 
‘4, Ly tM oul ly tng )# "pez ones 7 Ny bj-g Wogpeoas 
Shear toright of n% support, Shear to left of (ati) synport, 
Un ol gly 7) OE Fale i © | 


3 n - ve 
Shearlo right of (n+l) “support, Reaction at (n+l) #. support, 
lg OH 4 hylan 3 (Cl Font Spates (WoteR 4) e) 


Shearatany point in n&span, Moment at any point in nti span, 

V=Vy- Wy X 5 ) y=! yt AP MX? 5 (9) 
Point of max. positivemoment inn? spaty Maximum positive moment inn’ span, 

(r) Mle 5 (i) 
. ”? 

EXPLANATIONOF FORIWULAS; n=number of first span considered or its left support. 

Given acontinuous beam of several spans uniformly loaded (for spans with ro had w-0), 
Apply formula(a) to! and 222 spans at the left end making n=/. Three unknown moments 
appear, /4,,/1,,and/%, /Fbeams simply supportedatlettend 4-0. Next apply formula (a) to 2 ad 
and 3“ spans making n=2. Again there willbe three unknowns /ty,/t, and/%y. Continue until 
last two spans have been considered (never consider last span alone)./f beam 1s simply supported 
at right end, the/1 for that support =0. There are nowas many equations as there are unknowns 
so bysolving, the moments at all of the supports may be Found. If the beam s symmetrical 
a5 bo loading and dimensions, the calculations may be shortened by equating moments which 
are known, by inspectiontobe equal. Knowing themoments at the supports;the shear ateny point, 
the reactions, and the moment at any point may be calculated. (K,=VandR for last support 
equals V" forlast span). far Fixed ends imagine the beam loextend one span beyond the fixed 
endand apply the formulas,as above, equating the length and load of the imaginary span to 
zero and Lhe moment at the extreme end of theimaginary span tozero.Care should belaken 
that shears and moments are used with their proper sign. 


SPECIAL CASES; 
for a beam of equal spans with equal uniform loads, Formula(a) reduces to- 


Vy t My #0 Ty 42 = “3 wl’, (See also $7, of this chapter.) () 

for a beam of Lwo unequal spans with unequal uniformloads and simply supported 
at the ends, /4, = 0, /t =0 and. From formosa (a) 

Myxn EUG t Ze ly th) 


2(Z #2,) 
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57, MOMENTS AT SUPPORTS: CONTINUOUS BEA/1S, EQUAL SPANS AND EQUAL UNIFORM LOADS. 


Number of Spans. 
‘Yum ber of Spans. 


Sa 


0 md i Le ls ae ed Dees 
[qe W774 Mc M2 a Me 


COEFFICIENTS OF w?, where w:loadper unit length and 0=length of one span. E andl constant. 
Maximum positive momentin any span can be calculated from formula 56 2. 


58 SHEARS AT SUPPORTS: CONTINUOUS BEAMS, EQUAL SPANS AND EQUALUNIFORIMLOADS. 


is) 


4 
“07 0 7p? 


yw 


Ol oT NEE eee 
he El ee a ae 


Sa OR ee 
OE LE BD BSE ee, 
178 5658 587 3B EB BT tah 


Number of Spans. 
~ 


Number of Spans. 
a 


gyal’ (8b SS + a8 $1. 53 5S Wa 
‘ “0d MOA’ 104 "0d" = 0A" 0A Wh dd 0d’ 104 04’ 


ye 6 of 10 2 TP 0 67) Ne 
Me UP Me Wee aE dl ed 


COEFFICIENTS OF w?, where w= load per unit length and 2-length of span. Eand TI constant, 
Reactions at supports equal algebraic difference of shears toright and eft. 
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33. CONTINUOUS BEANS, CONCENTRATED LOADS, CONSTANT MOMENT OF INERTIA AND MODULUS OF ELASTICITY 


Shear; 
Load, 


Span, 


Migr sh een eee oa fe gel - 
length, 3. ly i a 
Support, / Z y} a 
Reaction, fi Rk, 


Noment, 14, 


Shear tothe right of n& support, 

ie Cosh 2123 (byl) (b) 
Shear to right of (n+l) suppork, 

Ipot= Moet Chel 4p (1-Koul] (a) 


ntl 
Shear at anypoint inn& span, 
K=-£28, wherefk equals  (F) 
the sum of the loads between 
R48 support snd point considered. 
Point of mex. positive moment in rn span, 
The imex.positive moment occurs 
where shear.as calculated from(f) 
passes through zero./15 point 1s 
alwaysat one of the loads. (A) 


EXPLANATION OF FORMULAS: (See under 56.) 


SPECIAL CASE, 


for a beam of twounequal spans with unequal concentrated loads and with ends 
simply supported, /4,=0, /t,=0 and formula(a) reduces to- 
Myon EL RUG ht EB U(Che- hehe), 


2(L +l) 


60, CONTINUOUS BEAMS OF IWOAND THREE EQUAL SPANS: Uniform load, w, per umitlength Sa Fin center of one span 


A 
Moment, 0,  -lflb, i) Te MELD 
Meacton, +716, | +5, 6, 119/30, rl, -tt, +b, +40, 10H, -H7i0, fll 
PS 
Womert, 0.. 3/3, 0, 0, -2, 
Reaction, +13/32, +i, -3/32, Wb, +M00, 
Coefficients of wl “and P2, for moments at supports, andof wi and For reactions at supports. 
by additionof proper cases any beam may be solved. for shears anadmoments between supports see F645), 


36 


. 
a 
Psa POL Re AAS 
ne me 


Relation between moments at supports Far n& apd (n+l) # spans, 
Mab t2 Mpg (ln tyes) #!pg2 orgs =-£/B Uy -hilf-E[ Pour ilo Raes Shiu theailf, (9) 


rY60, 0, 0, -, +4, 0, 


U0 eG 0, 340, -ifll, 2, 
#20, -W00, -3/40, +2340, +23/40,-3f4), 


Shear tolett of (n+1)* support, 
Op Cos Pon £ [Abo] to) 
heactionat(n a support, | 
Fnu=Vu-Vy3 (Note RY) (e) 


Moment at any point in n& span, 
yz lY AV X-E[B (x-hy dy) where (gl 
£[B lt -hyl,) equals Lhe sumof Lhe 
moments of the loads, between 
then“ support and the point con- 
sidered, about the point 

Maximum positive moment inthe n’ span, 
Atter thepomt of max positive 
moment has belocated as described 
inth) the value of x thus debermined 
/s substituted ing) and /4,determined. 


Y) 


‘ 
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For 6,000, -650,n-15. | 


O/. RECTANGULAR BEArS:heinforced \ k=\apn+p*n? Te i i/* =/-$h; k= 0.319; 

for tension only. Wo =O, 8757; 
Mgzh Ajd= ieee sh hjbd’; M, =i sba’; 

SI oh “Mz; 


Stee! ratio and depth, 


balanced reinforcement, 


p=0.0071; d= foe 


62.51 ABS: Valves for I?’strip. 


(eye fe Fhs 
Reinforced For tension only. 


h=0.3 79 ey 
J 20.8737; 
M, = 120d? ; 
Me =e ; 
f,= 16000; 
fk =650; 
Stee/ratio, depthand steel 
area, balanced remtorcement 
p=0.0077__; 


d=0.0281 3 
A=0,0026 V1; 


k=\épntp*n? “n= 
4/8 


ae 
M,=kAjd=Ithpjd?;  Le=66kjdS 


k= 0.379 


: pole £ ioldtt 
"Sd Pha-k 5d 075ba-E 
M,=/6000p/ba* 


Wc = Ts 
£=/6000; f =650; 


Stee/ratio, balanced rein. | 
p=lt0s(2-Lodee)é ; 


Pal bisa Lhe 
5 i Sait if (/-k)n & 


Stee! ratio, balanced reimforcement, 


pe Lf /e- (ink 44] 


k=V(o+p')n*+2lptprn “op n= te 


64 RECTANGULAR BEANS: Reinforced 
for Cension and compression. 


£20,379 


je ERUSHelkerMerph . ok _ DAB II-LNl-r)p" . 
(FkJpn ; © OB 3T-rIp" 
Wee ce kpjbd®; M, hn Bad, Ms use generalformula } 
ae yab cag Ey Be Wii Me fee ele 


begs cS kh ?2 © Bn = “6000 2 975)- -L57ir ; 
f= 650; 
5tee/ratio, balanced 


reinforcement, 
=(060M-160%r Jp? 00071, 


Stee! ratio, balanced ieee ent, 


Peet po / tiara re’ ‘El fei)’ 
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65 SHEAR, BOND AND WEB REINFORCEMENT. 66. COLUMNS : fatio of length tokast wil <M 


/n the Following formulas sa refers Axial load for given unit stress, 
o arm of res/sting couple at section In P=fe (Ac + As) =fA//+la-lp/ 
question,and £0,to tension barsat section, Unit stress es given axial load, 
es in Concrete & Bond Stress oe (ike S 
ectangular Beams, ee AL/+ln-Uyy m -/)p] / 
(singleor double reinforced) yr bd? Ufo’ 


7-Beams, 


vee 


hia she 
"bd? Zod | 67 WORKING STRESSES FoR STATICLOADS(ASCL) 
Jtirryps, Allrectangular beams end T-beams. Ultimate strengths for Various /Wxtures, 


Vertical sti hs , inFounds per square inch 
Ni ge Jaq? Aggregate Lt 4 (2:5 13:6 


; ay ° Grenite 2200 1600 400 
IEE ie" aa ote Gravel, ard Limestoneorsandstome L000 [600 1/300 
P= O77 di" op JoftlLimestoneor Sandstone [200 700 000 
Working Htress,oercent of Ultimate Strength; 
P=lotal stress inane stirrup. V=amount of\ Bearing 32.5, Arial Comp. 20.5; Comp.F ber tress 32.5; 
shear not carried by concrete. Shear: ongitualiral brs only, 2.0; Part of brs bentup 20; 
for approximate results / = =f mformulas. \ Shear:thoroughweb ref 6.0; Bond, brs 4.0, wire 2.0. 


66. SAFE LOADS ON REINFORCED CONCRETE S51 ABS: fy =/6000,f =650, 0-15, afwe! 


Span in feet for Safe Live lLbad 
in Pounds TT Foot of 5/26. 
M=t wi? (For M=$w2? multiply span lengths by0.894) 


= 40 | 50 | 75 | 100 | 125 
Ebb 1b. A-L6. | Lb 
84| 79| 70] 63| 58 

96| 93| 83) 75) 69 


Loboltom of Seb 
Ares of 3teel 

perkt.of width. | 
Weight of S1ab 
per sgt. 


S 
= 
x 


Center of 5tee/ 


Spaninfeet for Safe Live load 
in ees per Square Foot of 5/ab. 
M=5 wl! (for M=3w2 multiply span lengths by tie 


: 40 | 50 | 7 
i 


Cenler of Stee/ 
lobolltomot Hab. 
Area of Steel 
perftofwidth. 
Weight of Sab 
persg.Fe. 
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Moment of Stine Modulus Radiusof Gyration | 


Inertia 


Distance from Axis 
toExtreme Fibers 


y= d-cosarb-sine | bd bd 2 rat sin] 


bd i Coste a 
0 | d-cosct b-sinec 
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A Distance from Axis | Moment of — | SectionModulus Radius of Gyration 
Section | tofxtreme fibers. | nae 


b% Ab-b.+b? 5 ee dpb db-bbi 


eee tetebre) 2 late] 


mididi_. nid di] 
fal) og ae UTE 
| 185{d+di] | =049[d* dj 


ont 64 
| '9¢[3n-4] 


=024d> 
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Distancesto| Moment of 
Extreme fibers Inertia’ 
= 


2 g'tsn30 4A dle cos" ef ate Jd, {I+2cos? 30° 
om I2| Acos*307- J] 6| Acost30° J} AV 3cost30° | 


sled || > = tedd, 


= 866d" | =0od> | 
Soe Aalazast0} d [lx 2c05%30" 

IZ, 4-cos*30°) J} | 4cos30° J) 4 3cos*50° 

=00d*’. = A0hd? =264d. 


2d°tan2ee el ah tecete A a da[le2oos’r2e” 
7 IZ, 4cos*ees'” J/6| Geost?z’ J/4\ Scos?eey 


=.828d" =.055d4 = 109d*- | Sere 


b-d&hi(b-t) | b-d?-h%(b-t) |,/b-d= he (b-t) 
| \6d I¢b-d-h(b-t)] 


2sbahts |) geben ek 
6b l2[b-d-h(b-t)} 


b-d~h’ (b-t) 


b-d—h(b-t) 


t:drs(b-t) |,/ td’ s%(b-t) 
od I?[td+ s(b-t)] 
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Distances from Axis 
to Extreme Fibers 
yand y, 


bst5 : 
niet) \ St oe thet (tsk) 


e 

c’ ah (eam tee 
oa 

_td+lb,Hsielb-Ul?d-sls 


k bstht+b,5, E/N byrby-lb,-th -s|-b-Ahys 


6 


“ttdblb.2 efb-2t]?d-sls}, 
Le athe eae eS ypb. ct al bth 
ba! eZ 


splela-n)stt te) 


Neen aras 
| qlba aq” 1") 
g= Slope of lange=(n'-s)=b=(h-1)- 2(b-t)= % for standard sections 


Spee ht ep nn spy 
{yq[b5+5 +3(b t)(bsct}] =A} 


p [label sth ayy 
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STRESSES IN FRAMED STRUCTURES. 


Loads.—The stresses in roof trusses are due to (1) the dead load, (2) the snow load, (3) the 
wind load, and .(4) concentrated and moving loads. Data for dead loads, snow loads, wind 
loads, crane loads and other loads to be carried on trusses are given in Chapter I to Chapter IV, 
inclusive. The loads on roof trusses are commonly given as a certain number of Ib. per sq. ft. 
of horizontal projection of the roof. The loads are assumed to be transferred to the truss by 
means of purlins acting as simple beams, the joint loads being equal to the purlin reactions. 

Methods of Calculation.—The determination of the reactions of simple framed structures 
usually requires the use of the three fundamental equations of equilibrium 


> horizontal components of forces =0 (a) 
= vertical components of forces =0 (b) 
= moments of forces about any point = o (c) 


Having completely determined the external forces, the internal stresses may be obtained 
by either equations (a) and (0) (resolution), or equation (c) (moments). These equations may 
be solved by graphics or by algebra. There are, therefore, four methods of calculating stresses: 
Graphic Method 
Algebraic Method 
Graphic Method 
Algebraic Method 

The stresses in any simple framed structure can be calculated by using any one of the four 
methods. The method of calculating the stresses in roof trusses by means of graphic resolution 
will be explained in detail. For the calculation of the stresses in roof trusses and other framed 
structures by algebraic resolution and by algebraic and graphic moments the reader is referred 
to the author’s ‘ The Design of Steel Mill Buildings.” 

Graphic Resolution.—In Fig. 1 the reactions R; and R2 are found by means of the force and 
equilibrium polygons as shown in (6) and (a). The principle of the force polygon is then applied 
to each joint of the structure in turn. Beginning at the joint Zo, the forces are shown in (c), 
and the force triangle in (d). The reaction R; is known and acts up, the upper chord stress 1-x 
acts downward to the left, and the lower chord stress I—y acts to the right, closing the polygon. 
Stress I-x is compression and stress I—y is tension, as can be seen by applying the arrows to the 
members in (c). The force polygon at joint Uj; is then constructed as in (f). Stress 1-x acting 
toward joint U; and load P, acting downward are known, and stresses I-2 and 2-x are found by 
completing the polygon. Stresses 2-x and 1-2 are compression. The force polygons at joints 
ZL, and Uz are constructed, in the order given, in the same manner. The known forces at any 
joint are indicated in direction in the force polygon by double arrows, and the unknown forces 
are indicated in direction by single arrows. 

The stresses in the members of the right segment of the truss are the same as in the left, and 
the force polygons are, therefore, not constructed for the right segment. The force polygons for 
all the joints of the truss are grouped into the stress diagram shown in (k). Compression in the 
stress diagram and truss is indicated by arrows acting toward the ends of the stress lines and toward 
the joints, respectively, and tension is indicated by arrows acting away from the ends of the 
stress lines and away from the joints, respectively The first time a stress is used a single arrow, 
and the second time the stress is used a double arrow is used to indicate direction. The stress 
diagram in (k) Fig. 1 is called a Maxwell diagram or a reciprocal polygon diagram, 7. e., areas 
in the truss diagram become points in the stress diagram. The notation used is known as Bow’s 
notation. The method of graphic resolution is the method most commonly used for calculating 
stresses in roof trusses and in simple framed structures with inclined chords. 

STRESSES IN ROOF TRUSSES.—The methods of calculating dead load, snow load, and: 
wind load stresses in roof trusses by graphic resolution will be briefly described. 


Resolution of Forces 


Moments of Forces 
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Dead Load Stresses.—The dead load is made up of the weight of the truss:and the roof 
covering, and is usually considered as applied at the panel points of the upper chords in computing 
stresses in roof trusses. If the purlins do not come at the panel points, the upper chord will have 
to be designed for direct stress and stress due to flexure. 

The stress in a Fink truss due to dead loads is calculated by graphic resolution in (a) Fig. 2. 

The loads are laid off, the reactions found, and the stresses calculated beginning at joint Lo, 
as explained in Fig. 1. The stress diagram for the right half of the truss need not be drawn 
where the truss and loads are symmetrical as in (a) Fig. 2; however, it gives a check on the accuracy 
of the work and is well worth the extra time required. The loads P; on the abutments have no 
effect on the stresses in the truss, and may be omitted in this solution. rn 

In calculating the stresses at joint P3, the stresses in the members 3-4, 4-5 and x-5 are 
unknown, and the solution appears to be indeterminate. The solution is easily made by cutting 
out members 4-5 and 5-6, and replacing them with the dotted member shown. The stresses in 
the members in the modified truss are now obtained up to and including stresses 6-x and 6-7. 
Since the stresses 6—x and 6-7 are independent of the form of the framework to the left, as can 
easily be seen by cutting a section through the members 6-x, 6-7 and 7-y, the solution can be 
carried back and the apparent ambiguity removed. The ambiguity can also be removed by cal- 
culating the stress in 7—y by algebraic. moments and substituting it in the stress diagram. It will 
be noted that all top chord members are in compression and all bottom chord members are in 
tension. 

Snow Load Stresses.—Large snow storms nearly always occur in still weather, and the 
maximum snow load will therefore be a uniformly distributed load. A heavy wind may follow a 
sleet storm and a snow load equal to the minimum given in § 19, ‘‘ Specifications for Steel Frame 
Buildings,’ Chapter I, should be considered as acting at the same time as the wind load. The 
stresses due to snow load are found in the same manner as the dead load stresses. 

Wind Load Stresses.—The stresses in trusses due to wind load will depend upon the direction 
and intensity of the wind, and the condition of the end supports. The wind is commonly con- 
sidered as acting horizontally, and the normal component, as determined by one of the formulas 

“in § 20, “ Specifications for Steel Frame Buildings,’ Chapter I, is taken. 

The ends of the truss may (1) be rigidly fixed to the abutment walls, (2) be equally free to 
moye, or (3) may have one end fixed and the other end on rollers. When both ends of the truss 
are rigidly fixed to the abutment walls (1) the reactions are parallel to each other and to the 
resultant of the external loads; where both ends of the truss are equally free to move (2) the 
horizontal components of the reactions are equal; and where one end is fixed and the other end 
is on frictionless rollers (3) the reaction at the roller end will always be vertical. Either case (1) 
or case (3) is commonly assumed in calculating wind load stresses in trusses. Case (2) is the con- 
dition in a portal or a framed hent. The vertical components of the reactions are independent of 
the condition of the ends. 

Wind Load Stresses: No Rollers.—The stresses due to a normal wind load, in a Fink truss 
with both ends fixed to rigid walls, are calculated by graphic resolution in (6) Fig. 2. The reac- 
tions are parallel and their sum equals the sum of the external loads; they are found by means of 
force and equilibrium polygons. To calculate the reactions, lay off the loads Pi, P2, Ps, Ps, Ps, 
as shown, and select the pole O at any convenient point. Then at a point on line of action of Pi 
in the truss diagram, draw strings parallel to the rays drawn through the ends of P; in the force 
polygon. The string drawn parallel to the ray common to forces P; and P2 in the force polygon 
will cut the force P, in the truss diagram. Through this point draw a string parallel to the ray 
common to forces P2 and Ps in the force polygon, and so on until the strings drawn parallel to 
the outside rays meet on the resultant of all the loads. The closing line of the force polygon 
connects the two points on the reactions. Through point O in the force polygon draw line O-Y 
parallel to the closing line in the equilibrium polygon, Ri and R: are the reactions, as shown. 

The stress diagram is constructed in the same manner as that for dead loads. Heavy lines 
in truss and stress diagram indicate compression, and light lines indicate tension. 


‘ 
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The ambiguity at joint P3 is removed by means of the dotted member, as in the case of the 
dead load stress diagram. It will be seen that there are no stresses in the dotted web members 
in the right segment of the truss. It is necessary to carry the solution entirely through the 
truss, beginning at the left reaction and checking up at the right reaction. It will be seen that 
the load P; has no effect on the stresses in the truss in this case, the left reaction being simply 
reduced if P; is omitted. 


OO 204 = 50h 
; A Scale of Lengths 
~=Se ONS S ae } © 4000 8000 12000 
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ae ray vo eee xy 
ee g Joint Li = Fig 
(b) % X2 A 
R 2! | ioe 
X2 xe! 
4 ‘ X2 Xz Xe 3 2 p Ref 
2rsX\e _ xs ae 
(8) Coy Mee eee 
eae (Q) Joint Ur Joint Uz Stress Diagram 
Fic. 1. 


Wind Load Stresses: Rollers.—Trusses longer than 70 ft. are usually fixed at one end, and 
are supported on rollers at the other end. The reaction at the roller end is then vertical—the hori- 
zontal component of the external wind force being all taken by the fixed end. The wind may 
come on either side of the truss, giving rise to two conditions: (1) rollers leeward and (2) rollers 
windward, each requiring a separate solution. 

Rollers Leeward.—The wind load stresses in a triangular Pratt truss with rollers under the 
leeward side are calculated by graphic resolution in (c) Fig. 2. 

The reactions in (c) Fig. 2 were first determined by means of force and equilibrium polygons, 
on the assumption that they were parallel to each other and to the resultant of the external loads. 
Then since the reaction at the roller end is vertical and the horizontal component at the fixed end 
is equal to the horizontal component of the external wind forces, the true reactions were obtained 
by closing the force polygon. 

In order that the truss be in equilibrium under the action of the three external forces, Ri, Re 
and the resultant of the wind loads, the three external forces must meet in a point if produced. 
This furnishes a method for determining the reactions, where the*direction and line of action of 
one and a point in the line of action of the other are known, providing the point of intersection 
of the three forces comes within the limits of the drawing board. 

The stress diagram is constructed in the same way as the stress diagram for dead loads. 
It will be seen that the load P, has no effect on the stresses in the truss in this case. Heavy lines 
in truss and stress diagram indicate compression, and light lines indicate tension. 

Rollers Windward.—The wind load stresses in the same triangular Pratt truss as shown in 
(c) Fig. 2, with rollers under the windward side of the truss are calculated by graphic resolution 
in (d) Fig. 2. 

The true reactions were determined directly by means of force and equilibrium polygons. 
The direction of the reaction R; is known to be vertical, but the direction of the reaction Ro is 
unknown, the only known point in its line of action being the right abutment. The equilibrium 
polygon is drawn to pass through the right abutment and the direction of the right reaction is 
determined by connecting the point of intersection of the vertical reaction R; and the line drawn 
through O parallel to the closing line of the equilibrium polygon, with the lower end of the load line. 
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Since the vertical components of the reactions are independent of the conditions of the ends 
of the truss, the vertical components of the reactions in (c) and (d) Fig. 2 are the same. It will 
be seen that the load P; produces stress in the members of the truss with rollers windward. If 
the line of action of Re drops below the joint Ps, the lower chord of the truss will be in compression, 
as will be seen by taking moments about Ps. 

STRESSES IN A TRANSVERSE BENT.—A transverse bent in a steel mill building 
consists of a roof truss supported at the ends on columns and braced against longitudinal move- 
ment by means of knee braces, Fig. 3. The ends of the columns may be fixed at the base or 
may be free to turn (pin-connected). The stresses in a transverse bent are statically indeterminate 
and cannot be calculated without taking in account the deformations of the members themselves. 
The following approximate method, proposed by the author in the first edition of ‘‘ The De- 
sign of Steel Mill Buildings,” 1903, gives results that are approximately correct, are on the safe 
side, and is the method now used in practice. 

Dead and Snow Load Stresses.—The stresses due to dead and snow loads in trusses of a 
transverse bent are calculated the same as though the trusses were supported on solid walls. 

Wind Load Stresses.—The external wind loads may be taken (1) as horizontal or (2) as normal 
to the surface. The columns will be assumed to be pin-connected at the tops and to be either pin- 
connected or fixed at the base. It will be assumed that the horizontal reactions at the foot of 
the columns are equal to each other, and equal to one-half of the horizontal component of the 
external wind load. It is also assumed that the truss does not change its length, and that the 
deflection of the columns at the top of the columns and at the foot of the knee brace are equal. 

It is shown in ‘‘ The Design of Steel Mill Buildings” that when the columns are fixed at 
the base the point of contra-flexure comes at a distance of from } to % of the distance from the 
foot of the column to the foot of the knee brace. It is usually assumed that the point of contra- 
flexure is located at a point in the column one-half the distance from the foot of the column to 
the foot of the knee brace. If # = height of the column, d = height from the base of the column 
to the foot of the knee brace, then the distance from the base of the column to the point of contra- 
flexure will be 


The calculation of the wind stresses in a transverse bent with a monitor ventilator is shown in 
Fig. 3. The bents are spaced 32 ft. centers and are designed for a horizontal wind load of 20 lb. per 
sq. ft., the normal wind load.being calculated by Hutton’s formula, Fig. 3, Chapter I. The point 
of contra-flexure is found by substituting in equation (4) to be 


Yo = 30:5 ( 30:5 1 85 =) = 17 ft. 


2 \61 + 42.5 


The external forces are calculated for the bent above the point of contra-flexure by multiplying 
the area supported at the point by the intensity of the wind pressure. For example, the load at 
B is 32’ X 6.75’ X 20 Ib. = 4320 lb. 

The line of application and the amount of the external wind load, ZW, is found by means 
of a force and an equilibrium polygon. ZW acts through the intersection of the strings parallel 
to the rays O-B and O-C, and is equal to C—B (line C—B is not drawn in force polygon) in amount. 
The reactions R and R’ may be calculated graphically as follows:—Lay off the total wind load 
2W so that it will be bisected by point A in Fig. 3. Perpendiculars dropped from the ends of 
load line ZW to the dotted lines AB and AC will give V’ = 12,800 lb., and V = 700 lb., respec- 
tively. Then R and R’ are calculated as shown. 

The calculation of stresses is begun at point B in the windward column, and in the stress 
diagram the stresses at B are found by drawing the force polygon a—-B-A-b-a. The remaining 
stresses are calculated as for a simple truss. In calculating the stresses in the ventilator it was 
assumed that diagonals 9-10 and 10-12 are tension members, so that 9-10 will not be in action 
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when the wind is acting as shown. Before solving the stresses at the joint 6-7-9 it was necessary 


| to calculate the stresses in members 7-11, 10-11 and 9-h. The remainder of the solution offers 
: no difficulty to one familiar with the principles of graphic statics. 
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The stress in post b-a is equal to V, while the stress in I-c is found by extending 1-c to c’ 
in the stress diagram, c’ being a point on the load line. The stress in post n—A is equal to V’, 
while the stress in 19~m is found by extending 19—m to m’ in the stress diagram, m’ being a point 
on the horizontal line drawn through C, The kind of stress in the different members is shown 
by the weight of lines in the bent and stress diagrams. 
For a detailed discussion of the calculations of the stresses in a transverse bent, see ‘‘ The 
Design of Steel Mill Buildings.” 
STRESSES IN BRIDGE TRUSSES.—The stresses in bridge trusses may be caiculated 
by applying the condition equations for equilibrium for translation, resolution; or by applying 
_the condition equation for equilibrium for rotation, moments. Both resolution and moments may 
be calculated algebraically or graphically, giving four methods for calculation the same as for 
roof trusses. 
Maximum Stresses.—The criteria for loading a truss or beam for maximum and minimum 
stresses are given on page 160, Chapter IV. 
Problems.—The methods of calculating the stresses in bridge trusses are shown by several 
problems taken from the author’s ‘‘ The Design of Highway Bridges.” 


. 
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PROBLEM t, DrAp LoAD STRESSES IN A CAMEL-BACK TRUSS BY GRAPHIC RESOLUTION. 


(a\ Problem.—Given a Camel-back (inclined Pratt) truss, span 160’ 0’’, panel length 20’ 0”, 
deot’4 at the hip 25’ 0’, depth at the center 32’ 0’’, dead load 400 lb. per lineal foot per truss. 
Calculate the dead load stresses by graphic resolution. Scale of truss, 1/7 = 25’ 0’. Scale of 
loads, 1’’ = 10,000 lb. 

(b) Methods.—The loads beginning with the first load on the left are laid off from the bottom 
upwards. Calculate the stresses by graphic resolution, beginning at R, and checking up at Re. 
Follow the order given in the stress diagram. 

(c) Results.—The top chord is in compression and the bottom chord is in tension. All 
inclined web members are in tension; while part of the posts are in compression and part are in 
tension. Member I-2 is simply a hanger and is always in tension. 


PROBLEM 2. DEAD LOAD STRESSES IN A PETIT TRUSS BY GRAPHIC RESOLUTION. 


(a) Problem.—Given a Petit truss, span 350’ 0’’, panel length 25’ 0,” depth at hip 50’ 0”, 
depth at center 58’ 0’’, dead load 0.9 tons per lineal foot per truss. Calculate the dead load 
stresses by graphic resolution. Scale of truss, 1” = 50’ 0’’. Scale of loads, 1’ = 45 tons. 

(b) Methods.—The loads beginning with the first load on the left are laid off from the top 
downwards. Calculate R: and Re Calculate the stresses in the members at the left reaction 
by constructing force triangle 1-Y—X. Then calculate the stress in I-2 by constructing polygon 
Y-1-2-Y. Draw 3-2, which is the stress in member 3-2. Then pass to joint W2 where there 
appears to be an ambiguity, stress 4-5 being unknown. To remove the ambiguity proceed as 
follows: At Ws on the left side of the stress diagram assume that Ws is the stress in 5-6 (the 
member 5-6 is simply a hanger and the stress is as assumed). Calculate the stress in 4-5 by 
completing the triangle of stresses in the auxiliary members. The stresses are now all known 
at We except 3-4 and 5-Y, but the stress in 4-5 is between the two unknown stresses. First 
complete the force polygon 2-3-4-5’-Y—-Y-2. Then by changing the order the true polygon 
2-3-4-5-Y-—Y-2 may be drawn. This solution is sometimes called the method of sliding in a 
member. The apparent ambiguity at joint Wsmay be removed in the same manner. ‘The stress 
diagram is carried through as shown and finally checked up at Re. It will be seen that there is 
no apparent ambiguity on the right side of the truss. 

(c) Resuits.—It will be seen that the Petit truss is an inclined Pratt or Camel-back truss 
with subdivided panels. The auxiliary members are commonly tension members in all except 
the end primary panels as in the Baltimore truss in Problem 6. It will be seen that the stresses 
in the first four panels of the lower chord are the same. The loads in this type of Petit truss are 
carried directly to the abutments. The Petit truss is-quite generally used for long span highway 
and railway bridges. 


PRoBLEM 3. Maximum AND MINIMUM STRESSES IN A WARREN TRUSS By ALGEBRAIC 
RESOLUTION. 


(az) Problem.—Given a Warren truss, span 160’ 0’’, panel length 20’ 0’’, depth 20’ o’’, dead 
load -800 lb. per lineal foot per truss, live load 1,600 lb. per lineal foot per truss. Calculate the 
maximum and minimum stresses in the members due to dead and live loads by algebraic reso- 
lution. Scale of truss as shown. 

(b) Methods.—Dead Load Stresses.—Beginning at the left end the left reaction is Ri = 33W. 
The shear in the first panel is 33W, in the second panel is 2}W, in the third panel is $W, and 
in the fourth panel is }W. Now resolving at Ri the stress in I-Y = — 3}W-tan @, stress I-X 
= + 33W-sec 0. Cut members 1-Y, 1-2 and 2-X and the truss to the right by a plane and 
equate the horizontal components of the stresses in the members. The unknown stress 2—X 
will equal the sum of the horizontal components of the stresses in I-Y and 1-2 with sign changed, 
= — (— 33 — 37)W-tan6 = + 7W tano@. The stress in 3-Y = —(7 +23)W tan6 = — 
93W-tan6. Stress in 4-X = — (— 93 — 23)W-tan@ = + 12W-tan 9; stress in 5-Y = — 
(+ 12 + 13)W-tan 0 = + 133W-tan 6; and the stress in 6-X = — (— 133 — 14)W-tan@ = 
+15W-tan 0; etc. The coefficients of the chord stresses when multiplied by W-tan @ give 
the stresses, while the coefficients for the webs when multiplied by W-sec @ give the web 
stresses. 

Live Load Stresses.— Chord Stresses —The maximum chord stresses occur when the joints 
are all loaded, and the chord coefficients are found as for dead loads. The minimum live load 
stresses in the chords occur when none of the joints are loaded, and are zero for each member. 

Web Stresses—The maximum web stresses in any panel occur when the longer segment into 
which the panel divides the truss is loaded, while the shorter segment has no loads on it. The 
minimum live load web stresses occur when the shorter segment is loaded and the longer segment 
has no loads on it. The maximum stresses in members I—X and 1-2 occur when the truss is fully 
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loaded. The shear in the panel is 3} P, or 38 P, and the stressin 1-X¥ = 3}P-sec@ = + 125,400 
Ib., while the stress in 1-2 = — 3} P-sec @ = — 125,400 lb. The minimum stresses in I—X and 
I-2 are zero. The maximum stresses in 2-3 and 3-4 occur when 6 loads are on the right of the 
panel and there are no loads on the left of the panel. The shear in the panel will then be equal 
to the left reaction, = Ri = (6 X 34 X P)/8 =41P. The stress in 2-3 = %!P-sec 0 = 
+ 94,080 Ib., while the stress in 3-4 = — 41P-sec @ = — 94,080 lb. The minimum stresses 
in 2—3 and 3~-4 will occur when there is one load on the shorter segment. In the corresponding 
panel on the right of the truss, if the shorter segment is loaded, the left reaction = }P = the 
shear in the panel. The minimum stress in 2-3 = —4P-+sec@ = — 4,480 lb., while the 
minimum stress in 3-4 = + 4,480 lb. The stresses in the remaining panels are calculated in the 
same manner. The maximum chord stresses are equal to the sum of the dead and live load chord 
stresses. The minimum chord stresses are the dead load chord stresses. The maximum web 
stresses are equal to the sum of the dead and the maximum live load web stresses. The minimum 
oy stresses are equal to the algebraic sum of the dead load stresses and the minimum live load 
stresses. 

(c) Results.—The web members 7-6 and 7-8 have a reversal of stress from tension to com- 
pression, or the reverse. These members must be counterbraced to take both kinds of stress. 


PROBLEM 4. MaximuM AND Minimum STRESSES IN A PRATT Truss By ALGEBRAIC 
RESOLUTION. 


(a) Problem.—Given a Pratt truss, span 140’ 0”, panel length 20’ 0’, depth 24’ 0’’, dead 
load 800 lb. per lineal foot per truss, live load 1,600 lb. per lineal foot per truss. Calculate the 
maximum and minimum stresses due to dead and live loads by algebraic resolution. Scale of 
EnusseD @— 20° Ol; 

(b) Methods.—Construct three truss diagrams as shown. On the first place the dead load 
coefficients and the dead load stresses. On the second place the live load coefficients and the 
live load stresses. On the third place the maximum and minimum stresses due to dead and live 
loads. The maximum chord stresses are the sums of the dead and live load chord stresses, while 
the minimum chord stresses are those due to dead load alone. The hip vertical is simply a hanger 
and has a minimum stress of one dead load and a maximum stress of one live and one dead load. 
The conditions for maximum and minimum stresses in the webs are the same as for the Warren 
truss, the vertical posts having stresses equal to the vertical components of the stresses in the 
inclined web members meeting them on the unloaded (top) chord. 

(c) Results.—There is no dead load shear in the middle panel, but it is seen that there are 
stresses in the counters for live loads. Only one of the counters will be in action at one time 
Whenever the center of gravity of the loads is not in the center line of the truss, that counter 
will be acting that extends downward toward the center of gravity. The numerators of the 
maximum and minimum live load web coefficients are 0, I, 3, 6, 10, 15, 21, as for the Warren 
truss. This shows that the maximum and minimum web stresses are proportional to the ordinates 


to a parabola. 


PROBLEM 5. MAxiImMuM AND Minimum STRESSES IN A DEcK BALTIMORE TRUSS BY ALGEBRAIC 
RESOLUTION. 


(a) Problem.—Given a deck Baltimore truss, span 280’ 0’, panel length 20’ 0”, depth 
40’ o’’, dead load 0.375 tons per lineal foot per truss, live load 0.625 tons per lineal foot per truss. 
Calculate the maximum and minimum stresses due to dead and live loads by algebraic resolution. 

(b) Methods.—Construct three truss diagrams and use them as shown. 

Dead Load Stresses.—The auxiliary struts 1-2, 5-6, 9-10, etc., carry a full dead load com- 
pression, while the auxiliary web members 2-3, 6-7, 10-11, etc., have a tensile stress of 7W-sec 0. 
The stress in 1-Y equals the shear in the panel multiplied by sec 9 = — 63W-sec 6. The stress 
in 3-Y equals the shear in the panel multiplied by sec 0, plus the inclined component of the one- 
half load that is carried toward the center by the auxiliary member 2-3, = — (52 + +) W-+sec 0 
= — 6W-sec 9. The stress in 3-4 is the vertical component of the stress in 3-Y = + 6W. 
The stress in 4-Y is the horizontal component of the stress in 3-Y = — 6W-tan 6. The stress 
in 1-X and 2-X = + 6!W-tan 0. The stress in 4-5 is the inclined component of the shear in 
the panel = —43W-sec@. The stress in 5-X = — (— 6 — 43)W-tan6 = + 103W-tan 0. 
The remaining dead load stresses are calculated in a similar manner. 

Live Load Web Stresses—The maximum shears in the different panels occur when the longer 
segment of the truss is loaded, while the minimum shears occur when the shorter segment of the 
truss is loaded. The maximum stresses in the webs in the first and second panels occur for a 
full live load on the bridge. The maximum shear in the third panel occurs with all loads to the 
right of the panel and no loads to the left. The shear in the panel will then be equal to the left 
reaction = 11 X 3(11 +1)P/14 = $$P. The maximum live load stress in 4-5 will be = 
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— $$P-sec @. With a maximum stress in 4-5 the stress in 4-7 will be = (— 66/14 + 7/14) P- 
sec 0 = — 32P-sec@. This is the maximum stress, for the stress in 4-7 when there is a 
maximum shear in the panel is = 10 X 11/2X 7,P-sec 0 = — §2P-sec@. In a similar 
manner it will be found that maximum stresses in members 8-9 and 8-11 occur with a maximum 
shear in 8-9. On the right side it will be seen that minimum stresses in the diagonals occur for a 
minimum shear in the odd-numbered panels from the right. 

(c) Results.—The dead and live loads were assumed as applied on the upper chord. The 
upper chords are in compression, while the lower chords are in tension the same as for a through 
truss. The live and dead load stresses are given separately on the left side of the lower truss. 


PRoBLEM 6. MAxiImuM AND MINIMUM STRESSES IN A THROUGH BALTIMORE TRUSS BY ALGEBRAIC 
RESOLUTION. 


(a) Problem.—Given a through Baltimore truss, span 320’ 0”, panel length 20’ 0”, depth 
40’ 0’’, dead load 800 Ib. per lineal foot per truss, live load 1,800 Ib. per lineal foot per truss. 
Calculate the maximum and minimum stresses due to dead and live loads by algebraic resolution. 
Scale of truss, 1’ = 40’ 0”. 

(b) Methods.—Construct three truss diagrams as shown. : 

Dead Load Stresses—The shear in each of the hangers is W, while the stress in each of the 
diagonal auxiliary members is — }W-sec 6. The stress in the upper part of the end-post is 
(+ 64 + 4)W-sec @ = + 7W-sec 0, where + 6}3W-sec 6 is the stress due to the shear and 
+ iW-sec @ is the stress due to the half load carried toward the center by the auxiliary diagonal 
member. The stress in the main diagonal in the third panel is — 53W-sec 0, where 53W is the 


shear in the panel; while the stress in the diagonal in the fourth panel is (— 44 — 4)W-sec 0 = 
— 5W-sec 6, where 43W-sec @ is the stress due to the shear in the panel and 3W-sec @ is the 
stress carried toward the center of the truss by the auxiliary member. The chord coefficients 
are calculated as in Problem 5. 

Live Load Stresses——The maximum shear in the third panel occurs with 13 loads to the 
right of the panel and with no loads to the left of the panel. The shear in the panel is then equal 
to the left reaction, equals 13 X $(13 +1) X P/16 = ?4P. The stress in the main diagonal 
in the third panel is then equal to — ?4P-sec 6. The stress in the main diagonal in the fourth 
panel is (— #} P + #$;P) sec @ = — #8P sec 0, = a maximum, the maximum shear in the panel 
being 12 X 3(12 +1) X P/16 = 78P. In like manner the maximum stresses are found in 
5th and 6th panels when there is a maximum shear in the 5th panel, and in the 7th and 8th panels 
when there is a maximum shear in the 7th panel. Minimum stresses in the 3d and 4th panels 
from the right abutment occur when there is a minimum shear in the 3d panel; and in the 5th 
and 6th panels when there is a minimum shear in the 5th panel. 

(c) Results.—The double panels next to the center require counters. It should be noticed 
that in calculating the stresses in these counters the diagonal auxiliary ties will have the dead 
load stress of + 5.66 tons as a minimum. 


PROBLEM 7. MAximuM AND MINIMUM STRESSES IN A CAMEL-BACK TRUSS By ALGE- 
BRAIC MOMENTS. 


(a) Problem.—Given a Camel-back truss, span 190’ 0’’, panel length 20’ 0”, depth at hip 
20’ 0’, depth at center 25’ 0’’, dead load 300 Ib. per lineal foot per truss, live load 800 Ib. per 
lineal foot per truss. Calculate the maximum and minimum stresses due to dead and live loads 
by algebraic moments. Scale of truss, 1’ = 20’ 0’. 

(0) Methods.—Calculate the arms of the forces as shown and check the values by scaling 
from the drawing. 

Dead Load Stresses.—To calculate the stress in the end-post LoU;, take center of moments 
at Ly, and pass a section cutting LoU;, Ui Li and LiLe, and cutting away the truss to the right. 
Then assume stress L)U, as an external force acting from the outside toward the cut section, 
and stress LoU; X 14.14 — Ri X 20 = 0. Now R: = 6 tons and stress LoU; = + 8.48 tons. 
To calculate the stresses in LoL; and L;L2 take the center of moments at Uj, and pass a section 
cutting members U, U2, U;L2 and LL, and cutting away the truss to the right. Then assume 
the stress in L; L2as an external force acting from the outside toward the cut section, and Li L2X 20 
— Ri X 20 =0. Now R, = 6 tons and the stress in LoL; = Li1L2 = —6 tons. To calculate 
the stress in U, U2 take the center of moments at Ls, and pass a section cutting members U;U2, 
O,L, and L2L,’, and cutting away the truss to the right. Then assume the stress in L,U2 as an 
external force acting from the outside toward the cut section, and U,U2 X 24.25 — Ri X 40+ W 
X 20 = 0. Now R; = 6, W = 3 tons, and the stress in U,Uz = + 7.42 tons. To calculate 
the stress in U;L, take the center of moments at A, and pass a section cutting members U; U2, 
Ui L2, and LiL, and cutting away the truss to the right. Then assume the stress in Ui L2 as an 
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external force acting from the outside toward the cut section, and U;L2 Xx 70.7 + Ri X 60 
_-WX80=0. Now R; = 6 tons and W = 3 tons, and UiL2 X 70.7 = — 120 ft.-tons, and 
stress U,L, = — 1.70 tons. The other dead load stresses are calculated as shown. 

Live Load Stresses——The live load chord stresses are equal to the dead load chord stresses 
multiplied by 8/3. The maximum stress in U;L: will occur with loads at Ls, Lo’, and Ly’, while 
the maximum stress in counter U2Z, will occur with a load at LZ; only. The maximum tension 
in UL, will occur with all the live loads on the bridge, while the maximum compression will 
occur when there is a maximum stress in the counter U2’, loads at Lo’ and L;’. The details 
of the solution are shown in the problem. 

(c) Results.—The stress in the counter U2.’ and the chords U2U2! and L2Ls’ may be 
calculated by the method of coefficients, and will be the same as for a truss with parallel chords 
having a depth of 25’ 0’. The maximum stress in U2 Ly’ will occur with loads L»’ and L;’ on the 
eee, when the left reaction equals 2 X 3P/5 =P. The stress in UzL2' = — $P+secO 
= — 6.15 tons. 


PROBLEM 8. Maximum AND MINIMUM STRESSES IN A THROUGH WARREN TRUSS BY 
GRAPHIC MOMENTS. 


(a) Problem.—Given a through Warren truss, span 140’ 0’, panel length 20’ 0”, depth 
20’ 0’, dead load 800 lb. per lineal foot per truss, live load 1,200 lb. per lineal foot per truss. 
Calculate the maximum and minimum stresses by graphic moments. Scale of truss, 17 = 20’ 0”. 
Scale of loads, 1’’ = 50,000 lb. 

(0) Methods. Chord Stresses—Calculate the center ordinate of the parabola = w- L?/8d 
= 98,000 lb., and lay it off at 5 to the prescribed scale. Now lay off the vertical line 1-5 at the 
left and right abutments. Make 1-2 = 2-3 = 3-4 = 2 (4-5). Draw the inclined lines 1-5, 
2-5, 3-5, 4-5, 5-5. The intersections of these lines with verticals let drop from the lower chord 
points are points in the stress parabola for the upper chord stresses. The stresses in the lower 
chords are the arithmetical means of the stresses in the upper chords on each side. By changing 
the scale the live load stresses may be scaled directly from the diagram. 

Web Stresses.—At the distance of a panel to the left of the left abutment lay off the vertical 
line 1-8 equal to one-half the total live load on the truss, to the prescribed scale, equal 1,200 X 70 
= 84,000 lbs. Now divide the line 1-8 into as many equal parts as there are panels in the truss, 
and mark the points of division 2, 3, 4, etc. Connect these points of division with the panel 
point 7, the first panel point to the left of the right abutment. Drop verticals from the panel 
points of the lower chord of the truss to the line 1-8, and the intersections of like numbered lines 
will give points on the curve of maximum live load shears. 

To construct the dead load shear diagram, lay off 3W, downward to the prescribed scale 
under the left abutment, and reduce the shear under each load to the right by W, until the dead 
- load shear is — 3W at the right abutment. The dead load shear diagram is then constructed as 
shown. 

Maximum and Minimum Web Stresses ——The maximum shear in any panel is then the ordinate 
to the right of the panel point on the left end of the panel, and the stresses in the web members 
are calculated by drawing lines parallel to the corresponding member as shown. Negative stresses 
are measured downwards from the live load shear curve, and positive stresses are measured 
upwards from the live load shear curve. 

(c) Results—This method is an excellent one for illustrating the effect of the different 
systems of loads, but consumes too much time to be of practical use. It should be noted that 
the maximum ordinate to’ the chord parabola is not a chord stress in a Warren truss with an 
odd number of panels. : 


PROBLEM 9. Maximum AND Minimum STRESSES IN A PetiT Truss By ALGEBRAIC 
Moments. 


(a) Problem.—Given a Petit truss, span 350’ 0”, panel length 25’ 0”, depth at the hip 
50’ o’’, depth at center 58’ 0’, dead load 0.9 tons per lineal foot per truss, live load 1.4 tons per 
lineal foot per truss. Calculate the maximum and minimum stresses due to dead and live loads 
by algebraic moments. Scale of truss, 1” = 40’ 0’’. Scale of lever arms, any convenient scale. 

(6) Methods.—Construct a truss diagram carefully to scale as shown. Construct one- 
half the truss to scale on a large piece of paper and calculate the lever arms as shown, and check 
by scaling from the diagram. The methods of calculation will be shown by two examples: 

1. Stresses in Tie 6-7. Dead Load Stress—Pass a section cutting members 7—X, 6-7, and 
6-Y, and cutting away the truss to the right. The center of moments will be at A, the inter- 
section of chords 7—X and 6-Y. Now assume the stress in 6-7 as an external force acting from 
the outside toward the cut section. Then for equilibrium 6-7 X 477.0 + Ri X 575 — 3W 
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X 625 =0. Now Ri = 146.25 tons and W = 22.5 tons, and solving the equation gives stress 
6-7 = — 87.8 tons.’ é ; 
eed Live Tadd Stresses—The maximum live load stress in 6-7 will occur with the longer segment 
of the truss loaded. Taking moments about point A as for the dead loads the maximum live 
load stress 6-7 X 477.0 + Ri X 575 = 0. Now Ri = 55/14 X 35 tons = 137.5 tons, and the 
stress in 6-7 = — 165.8 tons. 4 

The minimum live load stress in 6-7 will occur with the shorter segment of the truss loaded. 
Taking moments about the point A, 6-7 X 477.0 + Ri X 575 — 3P X 625 =0. Now Ri = 90 
tons, P = 35 tons, and stress in 6-7 = + 29.1 tons. 

2. Stresses in Tie 4-7. Dead Load Stress.—Pass a section cutting members 7—X, 4-7, 4-5 
and 5-Y, and cutting away the truss to the right. Now assume the stress in 4-7 as an external 
force acting from the outside toward the cut section. Then for equilibrium about the point A, 
stress 4-7 X 477.0 + Ri X 575 — stress 4-5 X 442.0 —2W X 612.5 = 0. Now the member 
4-5 will carry one-half the load carried by 5-6, and the stress equals 1/2 X 22.5 X 1.414 = 
+ 15.9 tons. R, = 146.25 tons, and 2W = 45 tons. Then stress 4-7 = — 103.6 tons. 

Live Load Stresses.—The maximum live load stress in 4-7 will occur with the longer segment 
loaded. Taking moments about A as for dead loads, stress 4-7 X 477.0 + Ri X 575 — stress 
4-5 X 442.0 = 0. Now stress 4-5 = + 24.8 tons, and R,; = 66/14 X 35 = 165 tons. Then 
stress 4-7 = — 175.7 toms. 

The minimum live load stress in 4-7 will occur with two loads to the left of the panel. Taking 
moments about the point A, the stress 4-7 X 477.0 + Ri X 575 —2P X 612.5 =0 Now 
Ri = 62.5 tons and 2P = 70 tons. Then stress 4-7 = + 14.5 tons. 

The stresses in the members in the first and second panels and in the two middle panels 
may be calculated by coefficients. Check up the dead load chord stresses by comparing with 
the stresses obtained by graphic resolution in Problem 2. 

(c) Results.—The auxiliary members carry the stresses directly toward the abutments and 
there is no ambiguity of loading as in the case of a truss subdivided as in Problem 6. However, 
the method of subdividing shown in Problem 6 is used in preference to that shown in this problem. 
The Petit truss is quite generally used for long span pin-connected highway and railway bridges. 


PROBLEM 10. LivE LOAD STRESSES IN A THROUGH PRATT TRUSS FOR COOPER’S E 60 
LOADING. 


(a) Problem.—Given a Pratt truss, span 165’ 0’’, panel length 23’ 63’’, depth 30’ 0”, live 
load Cooper’s E 60 loading. Calculate the position of the loads and the maximum and minimum 
stresses due to the prescribed loading by algebraic moments. Scale of truss, 1/7 = 25/ 0”. 

(b) Methods. Chord Stresses—Calculate the position of the wheels for a maximum bending 
moment at the different joints in the lower chord. The criterion for maximum bending moment 
at any joint in a Pratt truss is, ‘“ the average load on the left of the section must be the-same 
as the average load on the entire bridge.’’ Having determined the wheel that is at the joint for 
a maximum moment, calculate the maximum bending moment as shown Having calculated 
the maximum bending moments, the chord stresses are found by dividing the bending moment 
by the depth of the truss. The moment diagram is given in Table Vb, Chapter IV. 

Web Stresses.—Calculate the position of the wheels for maximum shears in the different 
panels. The criterion for maximum shear in a panel is, ‘‘ the load on the panel must equal the 
load on the bridge divided by the number of panels.’’ The criterion for maximum bending 
moment at L; is the same as the criterion for maximum shear in panel LoL;. Having deter- 
mined the position of the wheels for maximum shears in the different, panels, calculate the maxi- 
mum shears as shown. ‘The stress in a web is equal to the shear in the panel multiplied by sec 0. 

Floorbéam Reaction.—The stress in the hip vertical U; L; is equal to the maximum floorbeam 
reaction. This is calculated as follows: Take a simple beam with a span equal to the sum of two 
panel lengths and calculate the maximum bending moment at the point in the beam corresponding 
to the panel point; in this case it will be the center of the span. This bending moment multiplied 
by the sum of the panel lengths divided by the product of the panel lengths will be the maximum 
floorbeam reaction; in this case the maximum bending moment at the center will be multiplied 
by 2 divided by the panel length. 

(c) Results.—When the maximum stresses occur‘in chords U2U3, U3U3/ and L3Ls', counter 
U;' Lz is in action. It occasionally happens that there is more than one position of the loading 
that will satisfy the criterion for maximum bending moment. In this case the moments for each 
loading must be calculated. 


PROBLEM II. STRESSES IN THE PorTAL OF A BRIDGE BY ALGEBRAIC MOMENTS AND 
GRAPHIC RESOLUTION. 


(a) Problem.—Given the portal of a bridge of the type shown, inclined height 30’ 0’, center 
to center width 15’ 0’, load R = 2,000 lb., end-posts pin-connected at the base. Calculate the 
stresses by algebraic moments and check by graphic resolution. Scales as shown. 


STRESSES IN BRIDGE TRUSSES, 563 
(0) Methods.—Now H = H’' = 1,000 lb. V = — V’, and by taking moments about B, 
V = 30 X 2,000/15 = 4,000 lb. = — V’. 


Algebraic Moments.—In passing sections care should be used to avoid cutting the end-posts 
for the reason that these members are subject to bending stresses in addition to the direct stresses. 
To calculate the stress in member 3-Y take the center of moments at joint (1) and pass a section 
cutting members 4-), 3-4 and 3-Y, and cutting the portal away to the left of the section. Then 
assume stress 3~Y as an external force acting from the outside toward the cut section, and 3-Y 
X 10 X 0.447 + H X 30’ = 0. The stress in 3-Y = — 6,710 lb. The remaining stresses are 
calculated as shown. 

Graphic Resolution.—Lay off a~-A = A-b = H = 1,000 lb., and A-Y = V’ = 4,000 |b. 
Then beginning at point B in the portal the force polygon for equilibrium is a-A—Y-—1'—a, in 
which 1’—a is the stress in the auxiliary member I-a, and Y-1’ is the stress in the post 1-Y when 
the auxiliary member is acting. The true stress in I—Y is equal to the algebraic sum of the vertical 
components of the stress 1’-a and Y-1’, and equals V’ = — 4,000 lb. Next complete the force 
triangle at the intersection of the auxiliary members. Stress 1’—a is known and the force triangle 
is a—1’—2’—a, the forces acting asshown. The stress diagram is carried through in the order shown, 
checking up at the point A. The correct stresses are shown by the full lines in the stress diagram. 
The true stress in 3-2 will produce equilibrium for vertical stresses at joint (1) as shown. The 
maximum shear in the posts is H = 1,000 lb. The maximum bending moment in the posts will 
occur at the foot of the member 3-Y, joint (3), and is M = 1,000 X 20 X 12 = 240,000 in.-lb. 

(c) Results—The method of graphic resolution requires less work and is more simple than 
the method of algebraic moments. 

Note: The portal is not pin-connected at joints (3) and the corresponding joint on the oppo- 
site side, as might be inferred from the figure. 


PROBLEM 12. WIND LOAD STRESSES IN A TRESTLE BENT. 


(a) Problem.—Given a trestle bent, height 45’ 0’’, width at the base 30’ 0’’, width at the top 
9’ 0”, wind loads Po, Pi, Pe, P3, Ps, as shown. Calculate the stresses in the members of the 
bent due to wind loads by algebraic moments, and check by calculating the stresses by graphic 
resolution. Assume that the diagonal members are tension members, and that the dotted members 
are not acting for the wind blowing as shown. Scale of truss, 17 = 10’ 0’’. Scale of loads, 
pee 2-000, |b. 

(b) Methods.—Algebraic Moments.—To calculate the stresses in the diagonal members take 
centers of moments about the point A, the point of intersection of the inclined posts. Then to 
calculate the stress in 3-4, pass a section cutting members 3—X, 3-4 and 4-Y; assume that the 
stress in 3-4 is an external force acting from the outside toward the cut section, and 3-4 X 15.9’ 
+ 3,000 X 19.3’ + 3,000 X 11.3’ = 0. The stress 3-4 = — 5,800 lb. Stresses in 4-5, 5-6, 
6-7, 7-8 and 8-Z are calculated ina similar manner. To obtain reaction Ri take moments about 
R2, and Ri X 30’ — 2,000 X 15’ — 2,000 X 30‘ — 3,000 X 45’ — 3,000 X 53’ = 0. Then Ri 
= 12,800 lb. = — Ro. ; . 

To calculate the stress in 4-Y, take center of moments at joint Ps, and pass a section cutting 
members 5—X, 4-5 and 4-Y, and assume the stress in 4-Y as an external force acting from the 
outside toward the cut section. Then 4-Y X 15.6’ — 3,000 X 15’ — 3,000 X 23’ =0. Then 
4-Y = + 7,300 lb. 

Graphic Resolution —The load Po is assumed as transferred to the bent by means of the 
auxiliary members. The loads Po, P1, P2, Ps, Ps are laid off as shown, and with the load P» the 
stress triangle Y-X-2 is drawn. The remainder of the solution is easily followed. 

(c) Results.—The stress in the auxiliary member 2-Y acts as a load at the top of post 4—Y. 
Load Py is the wind load on the train and is transferred to the rails by the car. For the reason 
that the wind may blow from the opposite direction, both sets of stresses must be considered in 
combination with the dead and live load stresses in designing the columns. 


~CuHap. XVI. 


STRUCTURAL MECHANICS 


564 


, 85 7424089 49 44409 
09> UH 12 44980 (G1 =N 


AG d=1 [aed “05¢=7 UDdS 


I 
> 


"woABVIG SS24A4G pDO7 pdeqg 


UO] -SPD0T 40 B/0IF 


wuDsbDIG SSAC P0OT PLEG Toei mca ae) 


# 
Sel 
30002 coool 
% # 


3,0-82=,,1 ‘BJOIS SSNAL 


CoS ease) ye eae ea 


‘ge 

*,0-,e¢= Uajuan @p‘*yideq 

 ,0592= ‘diy “pp ‘uidag 

02! 09 0 1 9002s Your 

SSNA] $0 BDICE ,0-,091= *‘uodS 

SUG IZ =6 0x52 =PPOT ULM 0008 = 4"po007 4UlOL 
sony sad dpsed SUOLG 0 (2007 09] 


“y 


Ss \ 


+ 06 oO Oo O eS 
OS eFGooort CoOOvs 000F 

& "UOIENJOSEY DIUdOAD 
"SSNAL YDOgG jewod x 


ie? [erg e] We1qed - *sishjpuy aebpiug 


565 


STRESSES IN BRIDGE TRUSSES. 


“Z=*n‘s|autod jo-ony 4,0>,72=‘p‘usdaq 
05,02 =*| ‘aug ,0,0r1=7 Suods 


"pUlof Aad Codz2<=4 ‘p007 aAi7 “jUI0f dad coos =M\‘poo7 poag 


+ ; 
“SOSSAALG WINWUIUILY "SaSSaALS wuNuIXoL) 


Of1=Q 29S €98°=Q UdL 


49999-=) 7" (00096-00091)02 =|Y2-|M=pPxXJ-p'spUdsUOLy Oi Aq 
“SaSSIALG pvo7 pvag *}209 pool poag 


eam 


os 
ie 


he 
o°® 


@ 


9+ x o+ 
“uOlINjOSay WoAdebjy ‘sessasLo winuuiUlLY pu LuNnuuxoL) 
“SSNAL 44044 
"yy wajqosg . *sishjouy ebpiug 


no 02="p “usdeq 
°0S°O=Q9 Ud] jO-,02 = ‘| ‘jauoy 
“alt= G DAS nO7091 = 67 Suvdg 


gcCooee =a ci ) "4009! ‘p00 7 aAIq . 
pe 2COM=M = “SENAL Aad }00} aad 4008 ‘poo poaq 
“SP007 SAI] PUD poaq Aol SaSSaALO-uIL| PUD “xb],) 


"$209 Gam pvdo7 aay *xoLy 


»S§ 
“uolLNjOSey DoAgabiy 


*SSNAl USAA0M VD Ul 
SOSSOALS WNUUIUIL) PUD LuiNUIxDL) 


"GE wWi2\qQ014 *sishjouy sopiug 


‘ 


566 STRUCTURAL MECHANICS. CuHap. XVI. 


Bridge Analysis. peck Baltimore Truss. Problem 5- 
A Max.and Min.Stresses. Algebraic Resolution. 
+64 4 +65 +1054 HOS y ria y +les +123 ¥ 


20! Coef. for Dead Load,and Live Load for Chords. 


a 
© 


b b b 
Maximum Web Coefficients. Minimum Web Coefficients. 
0.44675 D+ 48.75 0.47875 DA7875 0+9375 D+9375 D+93.75 +250.00+4250.00 +250.00 $210.00 4210.00 +130.00 +130.00 


Live and ape se, Max.and Min.Stresses. 

’ Span,b,=260'-o" sec 8=141 - 90.00 Dead Load =.375 Tons per lin.ft p.tr. 
Panel,\,=20'-o" tan 6 =1.00. Live Load=.e6251.per lin. ft. per truss. 
Depth,d,=40'-o" Stresses in Tons. 


Bridge Analysis. ‘Baltimore Truss: Problem 6 


W tan @ Algebraic Resolutions Span 320' 
+/32.00__+124.00_ | +100.00 
ae 3 3 


WoW WW WW WwW WwW WwW W WwW Wow Ww 
W tan @ W=8 Tons, Wsec @=/1.3/ Tons, Wtan 0-6 Tons. 
Dead Load Coetticients . Dead Load Stresses in Tons. 20 ‘ke20% 


Nee 


Maximum — Live Load Web Coefticients - /Vinimum 


P=/8Tons, 7g P sec 021.59 Tons, 76P tan Vl ack 
4325.0 4 +403.0 Ms +429.0 p +/32.0 - +124.0 . +/00¢0 
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CHAPTER XVII. 
THE DESIGN OF STEEL DETAILS. 


Introduction.—The design of any structure involves the design of the different members 
and the connections. In this chapter the design of the various steel details will be considered as 
fully and completely as the limited space permits. The design of the members and details of a 
steel structure are governed by the specifications for the particular structure. Reference will 
be made by section and page to the various specifications in this book. 

MEMBERS IN TENSION.—Several different methods for making end connections of bars are 
shown in Fig. 1. Loop Bars, (a) Fig. 1, are used for lateral bracing on highway bridges, buildings 
and towers, with turnbuckles or sleeve nuts, to make them adjustable as shown in Tables 92 and 
94. (All tables numbered with Arabic numerals are in Part II.) Clevises, (b) Fig. 1, are used 
to secure the ends of bars used as lateral bracing on highway bridges and on buildings. The pin 
may be either a cotter pin as shown in Table 96, or a bridge pin as shown in Table 95. Ordinary 
eye-bars, (c) Fig. 1, are used principally for lower chords and main ties on bridges. Data for eye- 
bars are given in Table 91. Counters are made of adjustable eye-bars as shown in Table or. 
Bottom lateral plates or skew-backs, (d) Fig. 1, are used to secure the ends of bottom lateral rods 


SSsy 


(a) Loop. (6)Clevis. (c)£ye 
pe bp Sle 
© 6 |O (9) Angle 

Yp 
%~ 
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(a) Bottom Lateral Plate 
or Skewback. (F) Cooper Hitch. (h) Beveled Washer, Cast Iron. 
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of highway bridges and are shown in Table 121. Top lateral plates or U-plates, (e) Fig. 1, are 
used for top lateral connections on highway bridges and for lateral bracing on buildings, highway 
bridges and towers, see Table 122. The Cooper hitch has the same uses as the top lateral plate. 
The angle as shown in (g) Fig. 1 is used for end connections for light bars in buildings and towers, 
see Table 120. Cast iron beveled washers, (%) Fig. 1, are used for end connections of diagonal 
bracing, see Table 120. The ends of bars should be upset as shown in Tables 89 and 90, so that 
the strength in the threads will be greater than the strength of the main body of the bar. The 
dimensions of tie rods for beams are shown in Table 105. 
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In selecting bars in tension the area is determined by the formula: 


where A is the required area, P the total tension in the bar and f; the allowable unit tensile stress. 
The following problems are given to illustrate the use of the tables in selecting the details for 
bars, etc. ss 


Loop Bar.—Select a loop bar to carry a tensile stress of 48,000 Ib., one end passing around a 
3 in. pin and the other end around a 314 in. pin, the center to center distance between pins being 
BOgOn 

References.—Specification § 8, p. 55; § 33, p- 57; § 84, p. 60; § 91, p. 61; § 104, p. 61; § 108, 
p. 62; § 116, p. 62; § 37, p. 141; § 49, p. 142; § 61, p. 142; § 14, p. 206; § 36, p. 206; § 15, p. 209; 
§ 36, p. 210; § 230, p. 363; § 8, p. 379; § 42, p. 381; § 28, p. 385. 

Solution.—Using an allowable unit stress of f; = 16,000 lb. per sq. in., the area required is, 


A=; =+— = 3.00 sq. in. 


A bar 134 in. square has an area of 3.06 sq. in. (Table 6), and a 2 in. round bar has an area of 3.14 
sq. in. (Table 6). Either bar could be used. Using the 134 in. square bar the additional length 
required to pass around a 3 in. pin is 1’ 11”” (Table 92), and for a 34 in. pin is 2’ 1’, making it 
necessary to add 4’ 0” to the center to center distance of pins to obtain the total length of bar. 

If a turnbuckle is used the upset required on a 134 in. square bar is 214 in. in diameter and 5144 
in. long (Table 89), requiring 414 in. extra material to make each upset, or 9 in. for the two up- 
sets. The weight of a turnbuckle for a 21% in. screw is 25 Ib. (Table 94). The clearance between 
the ends of the screws for all turnbuckles is 5 in. (Diagram at top of Table 92). 

The total length and weight of the 134 in. square bar is therefore: 

c. toc. of pins, less 5 in., = 29’ 7’’ of 134 in. square bar, @ 10.41 lb. per ft. (Table 6) = 308.0 lb. | 


Material for 2 loops = 4'0” of 18% in. square bar, @ 10.41 lb. per ft. (Table 6) = 41.6 lb. 
Material for 2 upsets = 0’ 9” of 134 in. square bar, @ 10.41 lb. per ft. (Table 6) = 7.8 Ib. 
One Turnbuckle @25 © lb. (Table 94) =- 25,0 lbs 

Total Length = 34’ 4” Total Weight = 382.4 1b. 


If a sleeve nut is used, instead of a turnbuckle, its weight for a 24% in. screw, is 19 Ib. (Table 
94). The clearance between the ends of the screws is 3 in. for all sleeve nuts (Diagram at the top 
of Table 92). 

The total length and weight of 134 in. square bar when a sleeve nut is used is therefore: 
c. toc. of pins, less 3 in., = 29’ 9” of 134 in. square bar, @ 10.41 lb. per ft. (Table 6) = 309.8 lb. 


Material for 2 loops = 4'0” of 134 in. square bar, @ 10.41 lb. per ft. (Table 6) = 41.6 lb. 
Material for 2 upsets = 0/’9” of 134 in. square bar, @ 10.41 lb. per ft. (Table 6) = _7.8 |b. 
One sleeve nut @ 19 lb. (Table 94) = 19.0 lb 

Total Length = 34’ 6” Total Weight = 378.2 lb 


Bar with Clevises.—Select a bar to carry a tensile stress of 48,000 lb., the ends to be held 
by clevises, the distance center of pins being 12’ 0’. 

References.—Same as for loop bar, also § 41, p. 58; § 39, and § 41, p. 141; § 17, § 18, and § 19, 

p. 209. 
Solution.—Using an allowable unit stress of f; = 16,000 lb. per sq. in., the area required is, 
_ P _ 48,000 
fe 16,000 
A bar 134 in. square has an area of 3.06 sq. in. (Table 6), and a 2 in. round bar has an area of 3.14 


sq. in. (Table 6). Either bar could be used. Using the 134 in. square bar a No. 6 clevis is 
required (Table 93). 


= 3.00 sq. in. 
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The size of pin required by shear and moment can be obtained from the lower part of Table 
93, and is a 2 in. pin if the forks are closed, or a 3 in. pin if the forks are used straight. The 
thickness of connection plate required by bearing when a 2 in. pin is used, is 48,000 + (2.00 X 24,- 
000) = 1.00 in., if a 3 in. pin is used the plate must be 48,000 + (3.00 X 24,000) = 0.66 in. 

The weight of the bar and two clevises is estimated as follows: 

The length of the rod, allowing for clearance, etc., must be reduced by A — 4% in. = 8 —\% 
= 7/4 in. (Table 93) at each end, or a total of 2 X 714 = 1' 3”. The diameter of upset for a 
1% in. square bar is 244 in., which requires 414 in. material to make each upset (Table 89), or 9 
in. for both upsets. 

The total length and weight of 134 in. square bar is: 


c. to c. of pins, less 1’ 3’, = 10’ 9” of 134 in. square bar, @ 10.41 lb. per ft. (Table 6) = 111.9 lb. 
Material for 2 upsets = 0’ 9” of 134 in. square bar, @ 10.41 lb. per ft. (Table6) = —_7.8 Ib. 
Two No. 6 clevises @26 Ib. (Table 93) == 52.0'1Ds 


Total Length TT eG Total Weight D717 be 


Eye-Bar.—Select an eye-bar to carry a tensile stress of 190,000 Ib., with an 8 in. pin at one 
end and a 614 in. pin at the other end, the length center to center of pins being 25’ 0”. 
References.—§ 33, p. 57; § 106, p. 62; § 162, p. 66; § 37, p. 141; $92, p. 144; § 141, p. 145; 
$171, p. 147; §14, p. 206; § 36, p. 206; ‘Minimum Bar,” p. 207; § 83, p. 207; § 15, p. 209; 
§ 36, p. 210; § 83, p. 213; § 136, p. 216; § 162, p. 218. 
Solution.—Using an allowable unit stress of f; = 16,000 lb. per sq. in., the area required is, 
P _ 190,000 


fi 16,000 


= 11.87 sq. in. 


A bar 8 in. X 1% in. has an area of 12.00 sq. in. (Table 1). From Table 91, the maximum thick- 
ness allowed for an 8 in. bar on a 6/4 in. pin is 2 in., and the minimum is1 in. (The value 6% 
in. does not appear in the table but it is less than 7 in., which is the maximum pin which can be 
used if the die referred to is used.) For an 8 in. pin the maximum thickness is 2 in. and the 
minimum 1%in. The bar selected satisfies these requirements as to thickness. 

The extra length of bar required to form a head for a 614 in. pin (die for 7 in. pin) is 2’ 8” for 
ordering the bar, and 2’ 3” for estimating the weight, and for an 8 in. pin 3’ 0’’ and 2’ 6”, respec- 
tively (Table 91). 

The total length and weight of eye-bar is therefore: 


c. toc. of pins = 25’ 0” of 8in. X 1/4 in. bar. @ 40.8 lb. per ft. (Table 2) = 1020.0 lb. 
Eye for 614 in. pin = 2'3” of 8in. X 1% in. bar, @ 40.8 lb. per ft. = 91.8 lb. 
Bye for 8 in. pin = 2'6” of 8in. X 1/4 in. bar, @ 40.8 lb. per ft. = 102.0 lb. 

Total Length =a Bey)" Total Gross Weight = 1213.8 lb. 


The weight which must be deducted for pin holes (Table 6) is, 
Pin hole for 61% in. pin is 1.5 + 12 X 112.8 = 14.1 Ib. 
Pin hole for 8 in. pinis 1.5 +12 X 171.0 = 21.4 lb. 
Total weight to be deducted 35.5 |b. 


ll 


The net weight of the eye-bar is then 1213.8 — 35.5 = 1178.3 Ib. 
For the design of an eye-bar subject to flexure due to its own weight, see “Combined Flexure 
and Direct Stress” in this chapter. ; : 
Angle in Tension.—Select an angle to carry a tensile stress of 40,000 lb., using 34 in. rivets. 
References.—§ 33, Pp. 57; § 39; P- 57; § 40, Pp. 58; $79, p. 60; § 83, p. 60; § 84, p. 60; § 85, 
p. 60; § 89, p. 61; § 104, p. 61; § 22, p. 105; § 37, P- 141; $43, p. 141; § 60, p. 142; § 79, p. 144; 
§ 80, p. 144; § 14, p. 206; § 26, p. 206; $45, p. 206; “Fastening Angles,’’ p. 207; § 15, p. 209; 
§ 26, p. 210; § 38, p. 210; § 57, p. 210; § 74, p. 212; p. 219; p. 223; § 232, p. 363; § 8, p. 379. 
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Solution.—If fastened by both legs as in Fig. 2 the load may be considered as axial and the 

required net area, using an allowable unit stress of f; = 16,000 Ib. per sq. in, is 
_ P _ 40,000 _ 
A= Fo ateeco 2.50 sq. in. 

Try one angle 4” X 4” X 34’... Gross area = 2.86 sq. in. (Table 23 or Table 25). Net 
area, deducting one % in. hole for a 34 in. rivet = 2.86 — .33 = 2.53 sq. in. (Table 116). This 
angle will satisfy the conditions. This result can be obtained directly from Table 29. 

If the angle is fastened by one leg as in Fig. 3, the load will be eccentric and the problem 
more difficult. An approximate solution is to consider only the area of the attached leg as effect- 
ive. The solution would then be, as before 


Fic. 2, ANGLE CONNECTED By Bots LEGs. Fic. 3. ANGLE CONNECTED By ONE LEG. 


Try one angle 6” X 4” X 14” with 6 in. leg attached. Gross area of 6 in. leg =6X % 
= 3.00 sq. in., net area = 3.00 — .44 = 2.56 sq. in., which will satisfy the conditions. 

Built-up Tension Member.—Design a built-up member to carry a tensile stress of 390,000 
lb., using 7% in. rivets. 

References.—§ 33, p. 57; § 83, p. 60; °§ 84, p. 60; § 89, p. 61; § 90, p. 61; § 10I, p. 61; § 37, 
p- 141; § 44, p. 141; § 61, p. 142; $75, p. 143; $14 and § 26, p. 206; § 28, p. 210; § 38, p. 210; 
S152) Past by $102,1p: 21308 Pu2lOsa9 LL, p. 3o2). 

Solution.—Using an allowable unit stress of f; = 16,000 lb. per sq. in., the net area required is, 


P _ 390,000 


ft 16,000 


= = 24.4 sq. in. 

Try 4 angles 3144” XK 3144” X 14” and 2 plates 18 in. X 14 in., as shown in Fig. 4. Gross area 
= 18.00 + 13.00 = 31.00 sq. in. Referring to Fig. 4, it will be seen that the section 2—mn is the 
least section in the body of the member and that four rivet holes should be deducted from each 
side to obtain the net section, giving a net area of 31.00 — 4.00 — 2.00 = 25.00 sq. in., 4.00 sq. 
in. being the area of holes in the plates and 2.00 sq. in. being the area of holes in the angles, de- 
ducting 1 in. holes for 7 in. rivets. This section has sufficient area, 24.4 sq. in. being required. 

If the ends of the members are to be riveted they should be designed as outlined under 
“Riveted Connections and Joints”’ in this chapter. 

If the ends are to be pin-connected they may be designed as follows. Assume that 514 in. 
pins are to be used at each end. The bearing area required allowing a unit stress of 24,000 lb. 
per sq. in., is 390,000 + 24,000 = 16.2 sq. in. This requires a total thickness of plates of 16.2 + 
5-5 = 2.95 in., or 1.48 in. on each side. The web plates are 14 in., the fill plates must be at least 
¥ in., the thickness of the angles being 14 in., and using 1 in. outside plates the total thickness of 
plates is 1.50 in., which satisfies the conditions, 1.48 in. being required. 
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The net area through the pin hole (section m-m) must be 25 per cent in excess of the net 
area of the body of the member according to a common specification. It will probably be neces- 
sary to deduct the area of the pin hole and two rivet holes on each side, the rivet holes being so 
near the section m—m, see Fig. 4. The gross area through the pin hole is, web plates 2 X 18 X 4% 
= 18.00 sq. in., angles 4 X 3.25 = 13.00 sq. in., fill plate 2 X 11 X 14 = 11.00 sq. in., outside 
plate 2 X 17 X 14 = 17.00 sq. in. making a total gross area of 59.00 sq. in. The net area is 
59.00 —2X 5.5 X1.5—4 XIX 1% = 36.5 sq. in. The required net area through the pin 
hole is 1.25 X 25.00 = 31.3 sq. in. 


I | 


Sectionm-m +l 73! Section n-n 


eye CO0'IO O00 
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_ The net area back of the pin hole parallel with the axis of the member (section 0-0) must not 
be less than the net area in the body of the member (section m-”) = 25.0 sq. in. The total 
thickness of the metal at this section is 1.50 in. for each side. Therefore the net length back of the 
pin must be 25.00 + 2 X 1.50 = 8.33 in. Assuming that not over three rivets will come in this 
section, the total length back of the pin hole must be at least 8.33 + 3.00 = 11.33 in. 

The number of rivets required and the size of pin plates is considered under “‘ Riveted Connec- 
tions and Joints.” 

Unriveted Pipe.—Design an unriveted iron pipe 12 in. in diameter to carry an internal 
pressure of 400 Ib. per sq. in. . 

From Structural Mechanics, Chap. XVI (Formula 12a), f = w-D + 2t; and t =w-D + 2f, 
where ¢ is the thickness of metal, w = unit internal pressure, D = diameter and f the allowable 
tensile stress which will be taken as 12,000 Ib. per sq. in. 


w:-D — 400 X 12 5 
SS SS  ——— = 0,20 10. 
af 2 X 12,000 


MEMBERS IN COMPRESSION.—The design of compression members will be shown by 
several examples. 

Single Angle Strut.—Select an angle to carry a compressive stress of 21,500 Ib. The length 
center to center of connections is 6’ 0’’, and both legs are to be fastened at the ends, Fig. 2. 

References.—Specifications § 34, p. 57; §39, P- 57; $84, p. 60; § 85, p. 60; §93, p. 61; 
§ 38, p. 141; § 43, p. 141; § 60, p. 142; § 100, p. 61; § 45, p. 206; p. 207; § 16, p. 209; § 20, p. 209; 
p. 223; § 231, p. 363; § 10, p. 379. 

Solution.—Using f- = 16,000 — 701] /r Ib. per sq. in., as the allowable unit stress and 125 as 
the maximum value for the ratio J/r, the minimum value for 7 is as follows: 


OS Ue _ : 
Wr = 125, 0r r = = ee 0.58 in. 
Any 3” X 3” angle will satisfy the requirement for //r (Table 23). The allowable unit stress 
will then be 16,coo — 70 X a = 7,300-lb. per sq. in, The area required will be 
(P95 21,,500 : 
2 Ea SS SS ek sq. 1n. 


The area of one angle 3” X 3 X 9/16” is 3.06 sq. in., which is sufficient. 


s 
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Many other angles might be chosen but in no case could an angle smaller than 3” X 3’” be 
used, for the requirement for //r would not be satisfied. Larger angles will give lighter sections 
and be more rigid. Any angle 314” X 344” has a radius of gyration, 7, of about 0.69 (Table 23), 
giving an J/r of about 104, and an allowable unit stress of about 8,700 lb. per sq. in. and requiring 
an area of 2.47 sq. in., which would be provided by one angle 344” & 344” X 34”. The minimum 
angle satisfying the J/r requirement is found as a guide in the selection of sections but is rarely a 
satisfactory section, except for long members with low stresses such as lateral bracing. Table 41, 
Part II, gives the safe loads for single angle struts fastened by both legs. 

See also § 26, p. 203; § 45, p. 203; ‘‘Fastening Angles,” p. 207; § 20, p. 209. 

If the angle is fastened by one leg only as in Fig. 3, the load is eccentric and the problem is 
more difficult. An approximate solution is to consider only the area of the attached leg as effect- 
ive. As before the least radius of gyration must be not less than 0.58 in., which corresponds to an 
allowable unit stress of 7,300 lb. per sq. in., requiring the area of the attached leg to be at least 2.95 
sq. in. The requirement for radius of gyration would be satisfied by any 344” X 3” angle, but 
to provide 2.95 sq. in. of area if attached by the 34 in. leg the thickness would have to be 2.95 
+ 3.50 = 0.85 in. requiring a 344” X 3’ X 1%” angle, which is a very poor section and would 
be much heavier than a section with longer legs to satisfy the same conditions, and much less 
rigid. The least radius of gyrations of any 5’ X 314” angle is about 0.76 in. (Table 24), and the 
allowable unit stress will be 


fe = 16,000 —*701/r = 16,000 — 70 X ae 9,370 lb. per sq. in., 
requiring an area of the attached leg of 
£21,500 5 
ae eee = 2.30 sq. in. 


which would be provided by a 5” X 314” angle of thickness equal to een .46 in. An angle 


5” x 34%” X %" could be used with the 5 in. leg attached. 

Double Angle Strut.—The member a—bd Fig. 5 is to consist of two angles back to back sepa- 
rated by 3% in. connection plates at the ends and washers 73 in. thick in the body of the member. 
Design for a compressive stress of 50,000 lb. 

References.—§ 34, p. 57; § 84, p. 60; § 93, p. 61; § 100, p. 61; §38, p. 141; § 60, p. 142; § 45, 
p. 206; § 16, p. 209; § 20, p. 209; § 231, P- 363; § 10, p. 379. 

Solution.—Using fe = 16,000 — 70]/r lb. per sq. in. as the allowable unit stress, and 125 as 
the maximum value for the ratio //r, the minimum value for 7 is found as follows 


Wr = 125, or r = = 


The lengths about axes X—X and Y—Y are equal, so that for a well designed member the radii 
of gyration about the two axes should be as nearly equal as practicable. This condition is satis- 
fied by using angles with unequal legs, short legs turned out. 

A member composed of two 214” X 2” angles, 34 in. back to back, with short legs turned 
out will have a least radius of gyration of about 0.78 in. (Table 40), the value for axis X—X being 
about 0.78 in. and Y—Y about 0.95 in. The allowable unit stress is then f, = 16,000 — 70 //r 


= 16,000 — 70 X oe = 7,390 lb. per sq. in., requiring an area of 
P _ 50,000 “ 
= >= = 6.76 sq. in. 
fas 7400 ord ae 


This area cannot be supplied by two 244” X 2” angles, but even though it could, larger 
angles would be more economical as well as more rigid. The minimum angle satisfying the J/r 
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requirement is found so as to guide in the selection of angles but is rarely a satisfactory section, 
except for a long member with low stresses, such as lateral bracing. 
Try two angles 4” X 3” with the short legs turned out, 34 in. back to back. From Table 
40 it is seen that for any thickness the least radius of gyration will be about the axis X-X, and 
8 X 12 
1.26 
Ib. per sq. in., which requires an area of 50,000 + 10,670 = 4.68 sq. in. The area of 2 angles 
4" X 3” X §%” = 4.96 sq. in., which will satisfy the conditions. If the estimated radius of gyra- 
tion does not agree closely enough with the actual radius of gyration, another calculation should 
be made, but this is not often necessary. 
The spacing of the washers should be such that the J/r of one angle between the washers is not 
8 X 12 
1.26 
0.64 being the least radius of gyration of one angle 4” X 3’ X 3%” (Table 24). One washer in 
the center will be sufficient. 


will be about 1.26 in., giving an allowable unit stress of f, = 16,000 — 70 X = 10,670 


greater than the //r for the whole member, or J/r = = 76.2, | = 76.2 X .64 = 48.7 in., 


Fic. 5. DousBLe ANGLE STRUT. 


If lengths about the two axes are different, as is often the case in roof trusses and portals, the 
greatest value for Z/r should be used, the corresponding length and radius of gyration being taken; 
for example in designing the-member b-d, Fig. 5, as a strut the length corresponding to the axis 
Y-Y is 12’ 0”, and to the axis X—X is 6’ 0’. To make an efficient member the long legs should 
be turned out and r, should be equal to 2 X rz. 

The minimum allowable values of 7, and ry are found as follows, 


Pasa m ONS FS bee 
l/r = 125, ES eae = = 0.58 in.; 


_ /y _12 X12 


Y, = = 1.15 in. 
oe 125 125 5 


From Table 39 it is seen that any 214” X 2” angle with long legs turned out and 3 in. back 
to back is the smallest angle which will satisfy the requirements for //r, rz, = 0.58in. andr, = 1.26 
in. (approx.). The values for J/r are 124 and 114, respectively, 124 being the greater. The 
allowable unit stress is then 


fe = 16,000 — 70 X 124 = 7,320 lb. per sq. in. 
If the stress in b-c is the same as that in c-d, 19,000 lb. compression, the required area is, 


dies 9,000) 3 2.60 sq. in. 


a fe 713209 
which will be taken by 2 angles 214” XK 2” X 5/16”, having rz = 0.58 in., and ry = 1.26 in. 
(Table 39). If the stresses in b-c and c-d are not equal proceed as above and design for the 
maximum. The spacing of the washers should not be greater than, / = 124 X 0.42 = §2.1 in., 
0.42 in. being the least radius of gyration of one angle 274” X Dae 5) TOs 
38 


‘ 
‘ 
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If the controlling stress were 38,000 Ib. compression, the required area for 214” X 2” angles 


would be 
P _ 38,000 


2 fe "p 71320 


= 5.20 sq. in. 


which could not be supplied by two 2144” & 2” angles, so that two 344” X 3” angles will be used 
6 X 12 


for which, r, = 0.90 and ry = 1.66 for 3% in. back to back, the values of J/r are = 80 and 
ee = 86.8, respectively, and the allowable unit stress is, f, = 16,000 — 70 X 86.8 = 9,930 


Ib. per sq. in., requiring an area of A = 30,000 + 9,930 = 3.83 sq. in., which will be furnished 
by two angles 314” X 3” X.5/16’. The spacing of the washers should not be greater than, 
1 = 86.8 X 0.63 = 54.6 in., 0.63 in. being the least radius of gyration of one angle 344” x 3” 
xX 5/16’. These results may be obtained by the use of Tables 43, 44 and 45, from which it is seen 
that the allowable stress in a member composed of two angles 34” & 3’ X 5/16” about axis 
1-1 (Y—Y), the length being 12’ 0”, is 38,000 lb., and about axis 2-2 (X—X), the length being 6’ 0”, 
is 40,000 lb., and the allowable load will be 38,000 lb. 

Two Angles Starred.—Design a member consisting of two angles starred, as in Fig. 6, to 
carry a compressive stress of 30,000 lb., the length to be 15’ 0” center to center of connections. 

References.— 34, p. 57; § 84, p. 60; § 100, p. 61. > 

Solution.—Using 125 as the maximum value of //r, and f, = 16,000 — 701/r lb. per sq. in. 
as the allowable unit stress, the minimum allowable value of r is found to be 


l 15 X12 
125'0ey 125 


Uy = 125, r= = 1.44 in. 


Section m-m. 


Fic. 6. Two ANGLES STARRED. 


From Table 67 it is seen that 4” X 4” angles are the smallest equal leg angles that can be 
used, and that 7 will be about 1.56 in., and the allowable unit stress is 


fe = 16,000 — 70 X a = 7,920 lb. per sq. in., 
which requires an area of 
P 30,000 : 
Z f, i 7:920 a ee 


The area of two angles 4” X 4” X 14” is 3.88 sq. in., andr = 1.57 in., which will satisfy the condi- 
tions. The batten plates must have a spacing of not more than 


15 x 12 PS eh gs a 78 
l= ee X 0.79 = 75 in. = 6’ 3”; 
the value of 0.79 in. being the least radius of gyration for one angle 4” X 4” X 14” (Table 23). 
Convenience in detailing may make it advisable to make / much less than 6’ 3”.. A spacing of 
3/ 9” was used as shown in Fig. 6. 
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Plate and Angle Column.—Design a plate and angle column, Fig. 7, to carry an axial load of 
340,000 lb., the unsupported length being 16’ 0”. 

References.—§ 34, p. 57; § 38, Pp. 57; § 79, p. 60; § 94, p. 61; § 96, p. 61; § 100, p. 61; § 114, 
p. 62; §9, p. 104; § 12, p. 104; § 17, p. 104. 

Solution.—A section with a 12 in. web plate and two 14 in. flange plates will be assumed. The 
angles will be spaced 12/4 in. back to back to allow for an over-run in the web plate without inter- 
fering with the cover plates. . 

The radius of gyration about the axis A—A, Fig. 7, is approximately 0.45 X 12.5 = 5.62 in. 
(Table 136), and about the axis B-B is 0.23 X 14 = 3.22” (Table 136). The axis B-B will 
control the design. The allowable unit stress is 


fc = 16,000 — 70//r lb. per sq. in. = 16,000 — 70 X “ae = 11,800 lb. per sq. in. 
which requires an area of 
2 340,000 5 ; 
A= fumeniy Goo 28.8 sq. in. 


Try a section consisting of four angles 6” X 4” X 34” with long legs turned out, and 124% 
in. back to back, one web plate 12 in. X 3 in. and two flange plates 14 in. X 3¢in. The prop- 
erties of various sections are given in Table 70. The properties of sections are calculated as 
shown at the bottom of the table. The radius of gyration about the axis A—A is found to be 
r4 = 358 in., about the axis B—B is rg = 3.14 in., and the area 29.44 sq. in. 
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For this section the ratio //r = 16 X 12/3.14 = 61.2 which satisfies the specification that 
the maximum value of //r is 125. The allowable unit stress is, 


fe = 16,000 — 70 X 61.2 = 11,700 lb. per sq. in., 


and the required area is, 


The area provided by the above section is 29.44 sq. in. 

Expansion Rollers.—Design the rollers for the expansion end of a single track railway bridge 
of 175 ft. span, the dead load stress being 110,000 lb., the live load stress being 282,000 lb., and 
the impact 178,000 lb. Total stress = 570,000 lb. 

References.—§ 19, p. 209; § 60, p. 212; § 62, p. 206; § 62, p. 212. 

Solution.—The span being short a 6 in. roller will be used. The allowable stress per linear 
inch of rollers is 600 X d, when impact is considered, giving 600 X 6 = 3,600 Ib. for 6 in. rollers. 

The number of linear inches required is, 570,000/3,600 = 158 in. 

Five rollers 32 in. long provide 5 X 32 = 160 linear inches and occupy a space about 32 inches 
square. 

For highway bridge expansion rollers, see § 41, p. 141; § 82, § 83, § 84, p 144. 

For roof truss expansion rollers, see §.7, p. 55; § 33, P- 57; $117, p- 62; $15, Pp. 104. 

MEMBERS IN FLEXURE.—The design of structural members stressed in flexure will be shown 
by several examples. 

I-Beam.—Select an I-Beam to carry a uniform load of 1000 Ib. per linear foot, the span being 
16’ o” and the ends simply supported. 
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References.—§ 33, p- 57; § 42, p- 58; § 45, p- 58; § 14, p. 104; § 39, p. 141; § 50, p. 142; $55, 
p. 142; § 17, p. 209; § 29, § 30, p. 210. Properties of Carnegie I-Beams are given in Tables 7 to 
13 inclusive. Properties of Bethlehem Girder and I-Beams are given in Tables 151 to 160, 
inclusive. 

Solution.—The bending moment is 

M = Yew-P? = % X 1000 X 16 = 32,000 ft.-lb. = 32,000 X 12 in.-lb. = 384,000 in.-lb. 
From applied mechanics, : 


_I __M _ 384,000 


= 24.0 in.3 
CDR: 16,000 4 


The section modulus of a 9 in. J @ 35 Ib. is 24.8 in.’, and of a 10 in. J @ 25 Ib. is 24.4 in.? (Taple 
7), either of which will carry the load, but the 10 in. J @ 25 lb. being lighter is the more economical, 
and being the minimum section is more easily obtained. 

The allowable bending moments in.ft.-lb. for I-Beams, using a fiber stress of 16,000 lb. per 
sq. in., are given in Table 7. The I-Beam could have been selected directly from the moment 
making use of these values. The allowable bending moments for other unit stresses are propor- 
tional. 

The safe uniform load, in tons, for I-Beams are given in Table 12, using a fiber stress of ~ 
16,000 Ib. per sq. in. The I-Beam could have been selected directly from the load by using 
this table. Safe loads for other unit stresses are proportional. 

If the I-Beam is not supported to prevent lateral deflection the allowable fiber stress must be 
reduced by the compression formula as shown in Table 12a. 

Design an I-Beam 14’ 0” long to carry a concentrated load of P = 20,000 lb. at the center 
of the beam. The maximum moment is at the center, and is, M = 4%P-1 = 4% X 20,000 X 14 
= 70,000 ft.-lb. = 840,000 in.-lb. 

The required section modulus is, S = M/f = 840,000 + 16,000 = 52.5. In Table 7, the 
lightest beam that will carry the load is a 15 in. I @ 42 lb., which has a value of S = 58.9 in.3, 
and a bending moment of 79,000 ft.-lb. A 12 in. J @55 lb. will also carry the load, but is not an 
economical section. A concentrated load, P, at the center will give the same maximum stresses ~ 
as a uniformly distributed load of 2P. From Table 12, a 15 in. J @ 42 lb. will carry a uniformly 
distributed load of 22 tons, which is sufficient. 

Two I-Beams with Separators.—Design a girder consisting of two I-Beams fastened together 
by means of separators, the girder having a span of 16’ 0” and carrying a uniform load of 2,000. 
Ib. per linear ft. 

References.—§ 33, p- 57; § 19, p- 105; § 39, p. 141; § 17, p. 209; § 30, p. 210. 

Solution.—The bending moment is 


M =3w.P = 3 X 2000 X 167 = 64,000 ft.-lb. = 798,000 in.-lb. 


From mechanics, 


walters 
The section modulus required is, 
<M 708,000" nar 
S= Ate pe eS. © 48.0 in. 


Each I-Beam must have a section modulus of 4 X 48.0 = 24.0 in. The section modulus 
of one g in. I @ 36 lb., is 24.8 in.8 and of one ro in. J @ 25 lb., is 24.4 in.’, either of which will 
carry one-half the load, but the 10 in. I @ 25 lb. being lighter is the more economical, and being 
the minimum section is more easily obtained. : 

The allowable bending moments, in ft.-lb. for I-Beams, using a fiber stress of 16,000 lb. per 
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sq. in. are given in Table 7. The I-Beams could have been selected directly from the moment 
making use of these values. 

The safe uniform load, in tons, for ]-Beams is given in Table 12, using a fiber stress of 16,000 
Ib. per sq. in. The I-Beams could have been selected directly from the load using this table. 

If the girder is not supported to prevent lateral deflection the allowable fiber stress must be 
reduced by the compression formula as shown in Table 12a. 

The separators for Carnegie I-Beams are given in Fig. 4, page 83, Chap. II. The separators 
for Bethlehem beams are given in Table 158. 

Plate Girders.—The full discussion of the design of plate girders would require more space 
than is available. The following notes will be of value. 

References.—The following references should be consulted. 

Wetighis.—P. 115; p. 150; p. 151; p. 152; p. 153; p. 155; p. 156; p. 158. 

Bending Moments and Shears.—Pages 159, 163, 164, 165, 166, 167, 173, 174. 

Unit Stresses.—§ 33, § 35, § 36, p. 57; § 42, § 43, p- 58; § 36, § 37, § 39, § 40, § 41, § 44, p. 
141; § 50, § 51, § 52, $53, § 54, p. 142; § 14, § 20, p. 206; § 14, § 15, § 17, § 18, § 19,.p. 209; § 29, 
§ 30, p. 210. 

Proportion of Parts.—§ 3, p. 55; § 43, p- 58; §3, p. 137; p. 202; p. 203; § 26, § 29, § 30, § 77, 
Pp. 206; § 79, p. 207; § 26, § 27, § 29, § 31, § 32, § 38, p. 210; § 57, p. 211; § 77, § 78, § 79, p. 212; 
§ 80, p. 213; pages 220, 221, 222. 

Details.—Pages 54, 123, 124, 189, 190. 

The gross and net areas of angles are given in Table 29; Area of Plates, Table 1; Areas to be 
Deducted for Rivet Holes, Table 116; Moments of Inertia of Angles, Tables 32, 33 and 34; 
Moments of Inertia of Web Plates, Table 3; Moments of Inertia of Cover Plates, Table 5; Prop- 
erties of Plate Girders, Table 87; Centers of Gravity of Plate Girder Flanges, Table 88. 

Nomenclature.—The following nomenclature will be used. 

M = resisting moment of section. 

V = vertical shear at section. 


f  =allowable unit fiber stress. 
I = moment of inertia of gross section. 
J’ = moment of inertia of net section. 


Iy = moment of inertia of gross section of web plate. 
I’ = moment of inertia of net section of web plate. 
AF = gross area of one flange. 

A, = net area of tension flange. 

A,, = gross area of web. 


h = distance between centers of gravity of flanges. 

h’ = distance between gage lines of rivets in tension and compression flanges. 

d = distance back to back of angles in flanges. 

c¢ = distance from neutral axis to extreme fiber. 

p = pitch of rivets in flanges. 

r = allowable resistance of one rivet. 

w =concentrated load per unit length of rail = P/l where P = concentrated load and 


1 = distance over which the load, P, is considered as distributed (see § 5, p. 202). 
2n = number of rivets on one side of web splice. 
Resisting Moment.—There are four methods now in use for determining the resisting moment 


o} a plate girder section. 
(1) Assuming that all the bending moment is carried by the flanges (see § 29, p. 206), 


M =Apr'-f-h (x) 
(2) Assuming that one-eighth the gross area of the web is available as flange area (see § 42, 


p. 58; § 50, p. 142; § 29, p. 206), 
M = (Ar'+ 34,)-f-h {r’) 
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(3) By moment of inertia of net section (see § 42, p. 58; § 50, p. 142; § 29, p. 206), 
mM=t- 0") 


- (4) By moment of inertia of gross section (used by American Bridge Co. for plate girders 
for buildings), 


= foie (t79) 


Rivets in Flanges Which do not Carry Concentrated Loads. 
(1) Assuming that all bending moment is carried by flanges, 


=> 


_ od -dlatance backlo back of L3 


_Pioiitance cloc.of Flanges. 3 
4ezastance to centromdofcorers. 


ihe 

' 

Li 

we SE TS 


2 -datance between ruet lines, 
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e=5 (2) 


(3) By moment of inertia of net section, 
er eae 
Die V-Ar'-h (4) 
(4) By moment of inertia of gross section, 
ar-T 
?= Varh ©) 


Rivets in Flanges Carrying Concentrated Loads. 
(1) Assuming that all the bending moment is carried by the flanges, 


r 
“+ (i) 
(2) Assuming that one-eighth the gross area of the web is available as flange area, 
r 
gu : 
le + (Ae DY ue 
\ Ar +44, h 
(3) By moment of inertia of net section, 
r 
Pe (8) 


V-Ar'-h\? 
yx + ( a ) 
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(4) By moment of inertia of gross section, 
r 


Rivets Connecting Cover Plates to Flange Angles. 
(1) and (2). Assuming that all the bending moment is carried by the flanges, or that one- 
eighth the gross area of the web is available as flange area, 


= mre: (10) 


where » = number of rivets on one transverse line. 
r = value of one rivet in single shear or bearing. 
d = distance back to back of angles. 
A,’ = total net area of cover plates in one flange. 
(3) By moment of inertia of net section, 


I| 


an-I’-r 
Pe Aceh: a 


where A,’ = total net area of cover plates in one flange. 
h,..= distance between centroids of all cover plates in tension flange and all cover plates 
in compression flange. 

(4) By moment of inertia of gross section, 

2n-I-r 
p a3 V-Ac-he (12) 
where A, = total gross area of cover plates in one flange. 
h. = distance between centroids of all cover plates in tension flange and all cover plates 
in compression flange. 

Web Splice.—An ordinary web splice is shown in Fig. 8. Where splice plates are designed 
to carry part of the moment as well as the shear the splice shown in Fig. 9 is sometimes used. 
Plates AB and A’B’ are assumed to transfer that part of the moment carried by the web, and 
plate CD to transfer the shear. Two lines of rivets should be used in each section of the web 
spliced. The number and spacing of rivets in a web splice can be determined only by trial, 
except when the first method for proportioning the section is used. The rivet most remote from 
the neutral axis is the most severely stressed. 

(1) Assuming that all the bending moment is carried by the flanges, 


fe oR os ip tee (13) 
2n r 


(2) Assuming that one-eighth the area of web is available as flange area. The stress in the 
outermost rivet is given by the formula, where M’ is moment carried by web, 


ip WN M’-d,\? 
eee 9 
(3) By moment of inertia of net section. The stress in the outermost rivet is given by the 
formula; 
VaNe I SECON 
roV(3,) + (4 cae) (15) 
(4) By moment of inertia of gross section. The stress in the outermost rivet is given by the 
formula 
ae Thy (aah Ne 
ro (S) +(F ae) ee 


For the details of a web splice, see Fig. 16. 
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Flange Splice.—Flanges should never be spliced unless it is impossible to get material of 
the required length. Flange splices should always be located at points where there is an excess 
of flange section, no two parts of the flange should be spliced within two feet of each other. Rivets 
in splice plates and angles should be located as close together as possible in order that the transfer 
may take place in a short distance. No allowance should be made for abutting edges of spliced 
members of the compression flange. 

Flange angles should be spliced with a splice angle of equal section riveted to both legs of 
the angle spliced. Where this is impossible the largest possible splice angle should be used and the 
difference made up by a plate riveted to the vertical leg of the opposite angle. The number of 
rivets required in the splice angle on each side of the joint in the angle is given by the formula, 


fA 
og . (17) 
where f = the allowable unit stress in the flange, A = area of spliced angle, and r = the allow- 
able stress on one rivet. Rivets which are already considered as transferring the shear may be 
considered as splice rivets if they are included in the splice angle. 

Cover plates should be spliced with a splice plate of equal section. The number of rivets 
required in the splice plate on each side of the joint is determined by the above formula if the plates 
are in direct contact in the same way as for splice angles. Where one or more plates intervene 
between the splice plate and cover plate which it splices, rivets should be used on each side of the 
joint in excess of the number required in case of direct contact, to an extent of one-third that 
number for each intervening plate (see § 79, p. 144, and § 57, p. 211). 

The above methods for flange splicing apply only when methods (1) and (2) of proportioning 
sections are used, but may be used with sufficient accuracy when methods (3) and (4) are used. 
Strictly speaking for methods (3) and (4) splice angles and plates should have moments of inertia 
about the neutral axis, equal to the moments of inertia of the members they splice, about the 
neutral axis. An exact analysis for the number of rivets required in splices would give a less 
number than obtained from above formula. 

Stiffeners.—For method of designing stiffeners see § 43, p. 58; §52, p. 142; §79, p. 2073 
S7o4p. 2123p. 221. 

Pins and Pin Packing.—A pin under ordinary conditions isa short beam and must be designed 
(1) for bending, (2) for shear, and (3) for bearing. If a pin becomes bent the distribution of the 
loads and the calculation of the stresses are very uncertain. 

The cross-bending stress, f, is found by means of the fundamental formula for flexure, 
f = M-c/I, where the maximum bending moment, M, is found as explained later; J is the moment 
of inertia; and c is one-half the radius of a solid or hollow pin. 

The safe shearing stresses given in standard specifications are for a uniform distribution of 
the shear over the entire cross-section, and the actual unit shearing stress to be used in designing 
will be equal to the maximum shear divided by the area of the cross-section of the pin. 

The bearing stress is found by dividing the stress in the member by the bearing area of the 
pin, found by multiplying the thickness of the bearing plates by the diameter of the pin. 

References.—§ 41, p. 58; § 90, p. 61; § 99, p. 61; § 107, p. 62; § 39, p. 141; § 40 and § 41, 
Pp. 141; § 74, p. 143; § 75, p. 143; § 76, p. 143; § 92, p. 144; § 141, p. 145; § 142, p. 145; § 144, 
Pp. 146; § 17, p. 209; § 18, p. 209; § 19, p. 209; § 28, p. 210; § 52, p. 211; § 54, p. 211; § 136, p- 
216; p. 219; p. 220; p. 402. 

Detatls of Pins.—Details of bridge pins are given in Table 95, Part II. 

Stresses in Pins.—The method of calculation will be illustrated by calculating the stresses in 
the pin at U, in (a) Fig. 10. In the complete investigation of the pin Ui, it would be necessary 
to calculate the stresses when the stress in UyU2 was a maximum, and when the stress in U;L2 
was amaximum. Only the case where the stress in U; U2 is a maximum will be considered. How- 
ever, maximum stresses in pins sometimes occur when the stress in U,L2 is a maximum, and this 
case should be considered in practice. — 
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Bending Moment.—The stresses in the members are shown in (c) Fig. 10, which gives the 
force polygon for the forces. The make-up of the members is shown in (a), and the pin packing 
on one side is shown in (0). The stresses shown in (c) are applied one-half on each side of the 
member, the pin acting like a simple beam. The stresses are assumed as applied at the centers 
of the plates which make the members. 
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Calculation of Stresses in a Pin.—The amounts of the forces and the distances between their 
points of application as calculated from (b) are shown in (d) Fig. 10. The horizontal and vertical 
components of the forces are considered separately, the maximum horizontal bending moment 
and the maximum vertical bending moment are calculated for the same point, and the resultant 
moment is then found by means of the force triangle. 

In (d) the horizontal bending moments are calculated about the points I, 2, 3, 4; the maximum 
horizontal moment is to the right of 3, and is 208,600 in.-lb. The vertical bending moments are 
calculated about points 5, 6, 7, 8; the maximum bending moment is to the right of 8, and is 
283,000 in.-lb. The maximum bending moment is at, and to the right of 4 and 8, and is, M = 


208,600? +- 283,000? = 351,600 in.-lb. Substituting in the formula, f = M-c/I, the maximum 
bending stress is f = 16,600 lb. per sq. in. The allowable bending stress in pins for which this 
bridge was designed was 18,000 lb. per square inch. The allowable bending moments on pin 
are given in Table 98. 

Shear.—The shear is found for both the horizontal and vertical components as in a simple 
beam, and is equal to the summation of all the forces to the left of the section. The maximum 
horizontal shear is between 1 and 2, and is 165,400 lb. The shear between 2 and 3 is 165,400 
— 99,300 = 66,100 lb. The maximum vertical shear is between 6 and 7, and is 126,300 lb. The 


resultant shear between 2 and 3, and 6 and 7, is, V = V126,300? + 66,100? = 145,000 lb., which 
is less than the horizontal shear between 1 and 2. The maximum shear, therefore, comes 
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between I and 2, and is 165,400 lb. The maximum shearing unit stress is 165,400 + 28.27= 
5,850 Ib. per sq. in. The allowable shearing stress was 9,000 Ib. per sq. in- 
Bearing.—The bearing stress in LyU, is 160,650 + (6 X 1.94) = 13,800 lb. Bearing stress 
in U,U2 is 165,400 + (6 X 1.88) = 14,600 Ib. Bearing stress in U,L; is 42,200 + (6 X 0.89) 
= 7,900 lb. Bearing stress in U,Ly is 107,000 + (6 X Ize) = 12,400 lb. per sq. in. The 
allowable bearing stress was 15,000 lb. per sq. in. Allowable bearing stresses on pins are given 
in Table 97. 
For the calculation of the stresses in the pins of a 160 ft. steel highway bridge, see the author’s 
“The Design of Highway Bridges,” Chap. XXII, Part III. 
Pin Packing.—For details of pin packing see pages 219, 220 and page 402. Details of pins 
are given in Table 95, Part II. 
Corrugated Steel Roofing.—For the calculation of the strength of corrugated steel and for 
a diagram for the safe loads for corrugated steel, see Fig. 18, Chap. I, page 22. 
Bearing Plates.—The bearing plates required for beams and columns, Fig. 11, may be deter- 
mined by the following formulas. 
Let R = reaction of beam or load on column. 
A = area of bearing plate. 
w = allowable unit pressure in masonry. 
f = allowable fiber stress in plate. 
pb = projection of bearing plate beyond any edge of beam or column. 
Area of bearing plate, 
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I 
| 


Ss: (18) 


Thickness of bearing plate required by a given projection, 


Lae = py (19) 


Safe projection for a given thickness of a 


pani4d 3R =f (20) 


The allowable pressures of bearing plates on masonry (value of w) are given in Table VIII, 
page 175. Standard bearing plates for I-beams are given in Table 8; for channels in Table 15. 
The length of I-beams which should bear on plates in order that the full shearing strength be 
developed is given in Table 11; and of channels in Table 16. 

For a full discussion of bearing plates, see Bulletin No. 35, University of Illinois Engineering 
Experiment Station, entitled ‘““A Study of Base and Bearing Plates for Columns and Berm 
by Professor N. Clifford Ricker. 

COMBINED FLEXURE AND DIRECT STRESS.—The formulas for combined flexure and 
direct stress are given in section 26, Chapter XVI. The design of members stressed in com- 
bined flexure and direct stress will be shown by several examples. 

Eye-Bar.—An eye-bar in a structure carries a direct stress due to the dead and live loads, 
and in addition is stressed in flexure due to its own weight. 
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If P = direct stress in eye-bar; M; = bending moment due to weight in in.-lb.; ¢ = distance 
from neutral axis to extreme fiber = h/2, where h = depth of eye-bar; / = length of bar, c. to c. 
of pins, ¢ = thickness of eye-bar in inches; J = moment of inertia of eye-bar = 7; t-)3; k is a 
coefficient depending upon the condition of the ends being approximately 10 for eye-bars with pin 
ends, 24 for one pin end and one fixed end, and 32 for two fixed ends; E = modulus of elasticity 


iP F ; 
of steel = 28,000,000 Ib. per sq. in.; and fe =-~ = unit stress due to direct loads. Then 


t-h 
the stress due to combined flexure and direct stress will be 
Ip M;: 
fehthaesp+ oS x 
t-h a PP 
k-E 


Now, M, = jw-P?, where w = 0.28 ¢-h = the weight of the bar per lineal inch; P = fo-t-h; 
c = h/2; I = yyt-h®; k = 10; and E = 28,000,000 lb. per sq. in.; and substituting 


= ae Rash te 4,900,000h 
ve b-hé ae fo: b-h-P . Cy (22) 
12 10 X 28,000,000 fz + 23,000,00 ; 


then f; is the extreme fiber stress in the bar due to weight, and is tension in the lower fiber and 
compression in the upper fiber. 

If the bar is inclined, the stress obtained by formula (22) must be multiplied by the sine 
of the angle that the bar makes with a vertical line. 

Diagram for Stress in Bars Due to Weight—Taking the reciprocal of equation (22) 


h\2 
- fe 23,000,000 G ) 


fi 4,900,000h a 4,900,000h 


=" +e 


and 
I 


i a : (23) 
A diagram for solving equation (23) is given in Table 134, Part II, which see. The intersections 
of the inclined lines in Table 134 correspond to depths of eye-bar that give maximum stresses 
due to weight. 

End-Post.—Design the end-post, Fig. 12, for a 160 ft. span through highway bridge. Panel 
length, 20’ 0”; depth of truss c. toc. of pins, 24’ 0’; length of end-post, 31’ 3”. The direct 
stresses are as follows: dead load stress = 30,000 lIb.; live load stress = 60,000 lb.; impact = 
100/(160 + 300) X 60,000 = 13,000 lb.; total direct stress due to dead load, live load and 
impact = 103,000 lb. The bridge is to be a class C bridge designed according to the ‘General 
Specifications for Highway Bridges,’ in Chapter III. From § 38 of the specifications the allow- 
able unit stress is f, = 16,000 — 70//r. The section will be made of two channels and one cover 
plate. Try a section made of two 10 in. channels @ 15 lb., and one 14 in. by 5/16 in. plate, (0), 
Fig. 12. From Table 82, Part II, the radius of gyration about the horizontal axis A—A, is74 = 3.99 
in., and about the vertical axis B—B is, rg = 4.67 in., and the eccentricity is,e = 1.70 in. The 
70 X 375 

3-99 
be = 103,000 + 9,400 = 10.96 sq. in. The actual area is 13.30 sq. in. While the section ap- 
pears to be excessive, it will be investigated for stress due to weight, eccentric loading and wind 
before rejecting it. 

The area, radii of gyration and the eccentricity may be calculated as follows. 

To calculate the area 

area of two 10 in. channels (Table 14) = BuOeSga im, 
area of one 14 in. by 5/16 in. plate (Table 2) = 4.38 sq. in. 


Total area 13.30 sq. in. 


allowable stress is then f, = 16,000 — = 9,400 lb. per sq. in. The required area will 
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To locate the neutral axis A—-A, take moments about the lower edge of the channels 
Ro 8.92 X 5 + 4.38 X 10.156- ; 
13.30 
The eccentricity is e = 6.70 — 5.00 = 1.70 in. The moment of inertia I4, about axis A—A 
may be calculated as follows: 
Let J, = J of channels about center of channels (Table 14). 
Ip = I of plate about center of plate (Table 4). - 
A, = area of channels (Table 14). 
A, = area of plate (Table 1). 
|B 
‘48 


be 


= 6.70 in. 


/ 
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Then. Ig =I,+Ip + Ac X 1.70 + Ap X 3.456%. 
= 2 X 66.9 + 0.04 + 8.92 X 1.70? + 4.38 X 3.456 
‘= 133.8 + 0.04 + 25.76 + 52.20 
= 211-80 in.4 


Then r4 = NIg+ A= Vo11.80 + 13.3 = "3.90 mm: 

The moment of inertia Ip, about axis B—B may be calculated as follows. 
Let I,’ = I of channels about neutral axis parallel to the web (Table 14). 

I,’ = I of plate about vertical axis (Table 3). 

A, = area of channels (Table 14). 

From Table 82 the distance back to back of channels is 844 in. From Table 14 the distance 
from neutral axis to back of channel is 0.639 in. The distance from neutral axis of channels to 
axis B—B is 4.25 + 0.639 = 4.889 in. (4.89 in. will be used). 

Then Ip = I.’ + Ip’ + Ac X 4.892 

= 4.60 + 71.46 + 9.82 X 4.89? 
= 4.60 + 71.46 + 213.28 
= 289.34 in.4 
Then rg = VIp +A = 289.34 + 13.3 = 4.67 in. 


DESIGN OF END-POST. 589 


Stress Due to Weight of Member.—The total weight of the member will be 


Two 10 in. channels @ 15 lb., 31’ 6’’ long = 945 lb. 
One 14 in. X 5/16 in. plate @ 14.88 lb., 30’ 0” long = 447 lb. 
Details and lacing about 25 per cent = 308 lb. 

Total Weight, W = 1700 lb. 


The bending moment due to weight of member is M = 4W-]-sin 0. 
Stress due to weight 
>. Mec*  4W-t-sin 0-% 
fo = PB Pe (25) 
10H 40k 
The stress due to weight in the upper fiber will be 
foe & X 1,700 X 375 X 0.645 X 3.6125 
s 103,000 X 3757 
10 X 30,000,000 
940 lb. per sq. in. 
The stress due to weight in the lower fiber is 
f'w = — 6.70 X 940 + 3.6125 
= — 1745 lb. per sq. in. 
Stress Due to Eccentric Loading.—The pins were placed 3 inch above the center of the channels, 
and the stress due to eccentric loading will be 


211.8 — 


ll 


M,: PX 1.70 — 0.5) Xe 
ee OO (26) 
ene pies 
1I0E 10f 


The eccentric stress in the upper fiber will be 
__ 103,000 X 1.20 X 3.6125 
So = 103,000 X 375? 
10 X 30,000,000 
= — 2,280 lb. per sq. in. 


211.8 — 


. Lhe eccentric stress in the lower fiber is 
fe = + 6.70 X 2,280 + 3.6125 
+ 4,230 lb. per sq. in. 

The resultant stress due to weight and eccentric loading is fr = fu + fe = +940 — 2,280 = 
— 1,340 lb. in the upper fiber, and — 1,745 + 4,230 = 2,485 lb. per sq. in. in the lower fiber. 

The allowable stress due to weight and eccentric loading is greater than 10 per cent of the 
allowable stress and must be considered, with the allowable unit stress increased by 10 per cent 
(§ 48, p. 142). 

The total unit stress in the member will be, f = 103,000 + 13.30 + 2,485 = 7,752 + 2,485 
= 10,237 lb. per sq. in. The allowable unit stress when weight and eccentric loading are con- 
sidered is 9,400 X 1.10 = 10,340 lb. per sq. in., which is sufficient. 

Stress Due to Wind Moment.—The stresses in the portal and the direct wind stresses in the 
end-post when the end-post is assumed as pin:connected at the base are shown in (d) and (e) Fig. 
12. The end-posts may both be assumed as fixed if the windward end-post is fixed. To fix the 
windward end-post the bending moment must not be greater than the resisting moment which 


will be 


M. = H-yo = (90,000 — V — D’)a/2 
where V = 5,060 lb. and D’ = 7,000 lb. the direct stress due to wind, and a = distance center 
to center of metal in the sides of the end-post = 8.87 in., (f), Fig. 12. (The impact stress is 
omitted.) If yois taken equal to $d = 10’ 0” = 120 in., we will have 
2,000 X 120 = (90,000 — 5,060 — 7,000) 8.87/2 
which makes 240,000 < 345,600, and the end-post may be assumed as fixed at the base. 
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The stress due to bending moment due to wind loads in the leeward end- pee will be, 
Mc 


fw =o ST yee PB ; (27) 
oie 10 
i 240,000 X 7 te A 
= ae (0.000 in c6o! F eco eemte 6,730 lb. per sq. in. 


10 X 30,000,000 


The total stress due to direct wind load will be f. = (5060 + 7000)/13.30 = + 910 Ib. per 
sq. in. The total maximum wind load stress will come on the windward fiber of the leeward 
end-post, and will be f~’’ = + 6,370 + 910 = + 7,280 lb. per sq. in. 

The maximum stress due to direct dead and live loads (not including impact) and wind load 
stresses will be 

f = 90,000 + 13.30 + 7,280 
= 6,770 + 7,280 = 14,050 lb. per sq. in. 

From § 46 in the specifications the allowable stress may be increased 50 per cent when eee! 
and flexural wind stresses are considered. 

The allowable stress when both direct and flexural wind stress are considered is then 


fe = 9,400 X 1.50 = 14,000 Ib. per sq. in. 


The stresses in the windward post will be less than in the leeward end-post calculated above. 

While the section assumed appeared to be excessive, the additional area and the width of 
plate are required to take the flexure due to wind loads. 

For the method used by the C. M. & St. P. Ry. for the design of an end-post, see p. 222. 

Column of a Transverse Bent.—Design a column similar to that of the transverse bent shown 
in Fig. 3, Chapter XVI, but having column length of 25’ 6” and being hinged at the base. Direct 
stress = + 12,800 lb., bending moment at foot of knee brace = 181,250 ft.-lb. Shear = H 
= 13,500 lb. 

References.—§ 34 and § 38, p. 57; § 79, § 80 and § 84, p. 60; § 94, § 97, § 98 and § 100, p. 61. 

Solution.—A section composed of four angles and a plate will be used. The column will be 
supported laterally by the girts so the length in that direction will be taken as 44 X 25’6” = 12.75 
ite 

Try 4 angles 5” X 344” X 1%”, long legs out, 1814 in. back to back.and one web plate 18 in. 
x 3% in. Distance between rivet lines = 184 —2X2= 144% in. Maximum allowable 
distance for 3 in. plate = 40 X 34 = I5;in. 

Using method at bottom of Table 69, A = 22.75 in; I, = 1,311 in.4; Ip = 94.6 in.4; 
Ya = 7.59. in.; %g = 2.04 in.’ The greatest value of ] + r = 12.75 X 12 + 2.04 = 75.0. ~ The 
maximum allowable value of 1 + r = 125. The allowable unit stress is: 


1.50(16,000 — 701/r) = 1.50(16,000 — 70 X 75.0) = 16,100 lb. per sq. in. 


The actual unit stress is: 


ee, M:-c  __ 12,800 181,250 X 12 X 9.25 = i 
Ge a oe ere eae Tee cr 16,000 lb. per sq. in. 
13II — 
~ 10E 10 X 30,000,000 


Floorbeam.—Floorbeams are designed in the same way as other plate girders. The section 
cut away for clearance at the joint must be strengthened by means of plates as shown in Fig. 13. 
To determine the strength at the weakest section, A—A, the following method is used. 

The floorbeam is drawn to scale in Fig. 13, so that distances can be scaled and the maximum 
floorbeam reaction 189,980 lb. be resolved graphically, in the center line of the post, into 80,000 
Ib. normal to A—A, which produces direct tension on the section A—A, and 173,000 lb. parallel 
to A—A, which produces shear and flexural stress. 
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Rivet holes are considered as spaced 3 in. along the section A—A, for when the beam is detailed 
it is not probable that they will be spaced closer than 3 in. Holes are deducted from the tension 
side only. I in. holes being deducted for 7% in. rivets. 

The plates may not be exactly as indicated on Fig. 13 for it may be necessary to alter them 
slightly in detailing, but small changes will not change the results materially. It is quite an 
advantage to have the investigation made before the beam is completely detailed as alterations 
are more easily made at that time if the beam proves weak in any particular. 

The curved angle at the bottom will not be considered as adding to the strength. 

Values for the area, eccentricity and moment of inertia are found as follows. 

First the moments and moments of inertia of the separate parts are found about an axis 
through the geometric center of the section, the eccentricity is then calculated. The moment 
of inertia about an axis through the center of gravity is found by subtracting the product of the 
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area and the eccentricity squared from the moment of inertia about the axis through the geometric 


center or 
Ih as Is, = A 2 


Note.—For sake of simplicity the total section was divided up as follows: 

A, includes three 14 in. and two 5 in. plates, the 6” 34’ legs of the flange angles and % 
in. +14 in. of the 4” X 54’’ leg. The spaces allowed for clearance were considered as solid with 
no appreciable error. 

B, includes the remainder of the 4” < 5%” legs of flange angles. 

C, includes the 3% in. outside plates considered as solid. , 

D, includes the rivet holes, 1 in. in diameter and 3.5 in. long, spaced 3 in. center to center. 
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TABLES oF AREAS, MOMENTS AND MOMENTS OF INERTIA. 


Section. Size, 
In. 


SN iZes, 
oom : Moment of Inertia about own axis 


5-75 X 0.625 : mY, came ates A Tee pt 8 2) 
Moment of Inertia about own axis 


18.0 X 0.75 — 88 | -—1186 | — 88 


Moment of Inertia about own axis 


Cele a3:5 —17.5 20.3 +162.6 — 93 


Moment of Inertia about own axis 


+97.2 | 106.6 
é¢ = 106.6 + 97.2 = 1.10 A-e@=972 X 1.10? = 


Total moment of inertia about centroidal axis = 


The bending moment of this section, from Fig. 14 is 
M = 189,980 X 27 = 5,130,000 in.-lb. 
or 
M = 173,000 X 29.5 = 5,130,000 in.-lb. 
The direct tension is 80,000 lb. 
The shear on the section is 173,000 lb. 
Compression in extreme fiber due to moment 
S, = M-c’ + I = (5,130,000 X 16.65) + 10,802 = + 7,850 lb. per sq. in. 
Tension in extreme fiber due to moment is 


S; = M-c'’/I = 5,130,000 X 18.85 + 10,802 = — 8,950 lb. per sq. in. 
Tension on whole section due to direct stress 
S, = P/a = 80,000 + 97.2 = — 820 lb. per sq. in. 


Total compression in extreme fiber 
S = S; + Sz: = 7,850 — 820 
Total tension in extreme fiber 
S = S, + S; = — 8,950 — 820 = — 9,770 lb. per sq. in. 
Unit shear is approximately 
S = 173,000 + 97.2 = 1,780 lb. per sq. in. 

The allowable unit stress in compression = 16,000 Ib. per sq. in. (Spec. § 16). 

The allowable unit stress in tension = 16,000 lb. per sq. in. (Spec. § 15). 

The allowable unit stress in shear = 10,000 lb. per sq- in. (Spec. § 19). 

END CONNECTIONS FOR TENSION AND COMPRESSION MEMBERS.—For simple 
connections with concentric stresses the number of rivets in riveted end connections may be taken 
as equal to the total stress in the member divided by the allowable stress on one rivet for bear- 
ing or for shear, Table 114, whichever gives the larger number of rivets. Specifications uni- 
formly require that the connections of members be designed to develop the full strength of the ~ 
member. The minimum number of rivets in shop connections should be two rivets, except for 
lacing bars; while the minimum number of rivets in field connections should be three rivets, 
except for lacing bars. In lateral bracing or stiff bracing or struts the actual number of rivets 
required to develop the full strength of the member should be increased by two rivets, for the 
reason that two rivet holes are almost certain to be badly distorted by the drift pins in draw- 
ing the member up. Rivets should be grouped symmetrically about the neutral axis of the 
member or the eccentric stresses should be calculated and provided for. The strength of a struc- ° 
ture depends very much upon the strength of the connections, and the details of the joints and 
connections should be worked out with great care. 


+ 7,030 Ib. per sq. in. 
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References.—§ 49, p. 58; § 78, § 79; § 80, § 81, § 85, p. 60; § 40, § 41, p. 141; § 60, § 62, p. 142; 
§ 63, § 64, § 65, § 66, § 74, p. 143; § 18, § 19, p. 209; § 37, § 39, § 40, p. 210; § 41, § 42, § 52, p. 211; 
$74, p. 212, p. 219, p. 223; Tables 106 to 119 inclusive. 

Strut or Tie.—Design the end connection for a 4” x 4’’ x 34” angle, carrying a stress (either 
tensile or compressive) of 40,000 Ib., the angle being fastened by both legs to a 34 in. plate as shown 
in Fig. 2, using 34 in. rivets. 

Solution.—The allowable stress on one 34 in. rivet in single shear is 5,300 lb. and in bearing 
ona %¢ in. plate is 6,750 lb., using 12,000 lb. per sq. in. and 24,000 lb. per sq. in. as the allowable 
stresses in shear and bearing, respectively. Table 114. The shear evidently controls, and the 
number of rivets is 

__ 40,000 
51300 


= 7.6 or 8 rivets. 


Four of these will be placed in the main angle and four in the lug angle. In order to transfer 
the proper portion of the stress to the lug angle, the number of rivets between the main angle 
and lug angle must be equal to the number of rivets in the lug angle, or four in this case. 

If the angle is connected by one leg only the eight rivets will be put in one leg as shown in 
Fig. 3. 

Pin-connected Top Chord.—Design the end connection for the top chord of a pin-connected 
bridge as shown in Fig. 14. Length center to center of pins = 25’ 0’. Rivets % in. 

Solaution.—The connections should be designed to carry the full strength of the member and 
not the stress that it carries. The allowable unit stress is f, = 16,000 — 70//r = 16,000 — 70 X 
Bex 12 

8.12 

The entire stress of 695,000 lb. must be transferred from the member to the pin through the 
pin plates and web plates. In the body of the member the stress is distributed among the dif- 
ferent parts in proportion to the gross area, or as follows: 


= 13,420 lb. per sq. in. Total stress = 13,420 X 51.84 = 695,700 lb. 
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Item. "Material. Area X Unit Stress = Total Stress. | Stress on One Side. 


181,000 lb. 90,500 Ib. 
44,450 


1 Cover Plate 24 in. X ys in. 13.50 X 13,420 = 
2 Top Angles 4” X4" X ze" 6.62 = z 
2 Web Plates 20 ey tT. 20.00 = 134,250 


“cc 


“ “ 


2 Bottom Angles CGA 37 Tie 72 78,650 
-| 51.84 X 13,420 = 695,700 lb. 347,850 |b 


‘ 


on Vee te ae 


594 THE DESIGN OF STEEL DETAILS. Cuap, XVII 


The total bearing area required on one side of the member is, 


_ 347.850 


Breet 14.49 sq. in. 


The total thickness of bearing required on one side, using a 6}4 in. pin, is, 


14.49 
6.25 

This thickness will be provided by the plates A, B, C, D and E as shown in Fig. 14. The 
plate B in the web and has a thickness of 44 in. Plate C must act asa fill plate so must be of the 


t= = 2.32 in. 


same thickness as the bottom angles or 54 in. The outside plate Z and the inside plate A should — 


be thinner than D so they will be made 3¢ in., and D will be made 4% in. The actual thickness of 
bearing is then 2.375 in., and the required thickness is 2.32 in. In arranging the plates a clear- 
ance of 4 in. should be allowed between the plates which pass around the pin, and the nearest 


plate as shown in Fig. 14. It is necessary to put a 3/16 in. fill plate, ”, opposite the top angle — 


to make up for the difference in thickness in the 54 in. bottom angle and the 7/16 in. top angle. 
The stress transmitted to a plate by the pin is equal to the ratio of its thickness to the total 
thickness, multiplied by the total stress. The stresses in the various plates are as follows. 


0.375 


Stress in A = = 2373 X 347,850 = 54,920 lb. 
ater X 347,850 = 73,240 lb. 

C= = X 347,850 = 91,530 lb. 

D= aoe X 347,850 = °73,240 lb. 

E = 2373 x 347,850 = 54,920 Ib. 


2.375 
Total = 347,850 lb. 

An exact solution for the number and location of rivets is not practicable. A common solu- 
tion is to consider that all the pin plates transmit their stress to the web and that the web, in turn, 
distributes this stress over the section. This solution overstresses the web in the vicinity of the pin. 

A better solution is to consider that the stress in the cover plate and top angles is transmitted 
in double shear or bearing on the vertical leg of the top angles from the web plates and pin plates 
through the rivets in the vertical leg of the angles. The stress in the bottom angles is transmitted 
in double shear or bearing on the vertical leg of the bottom angles from the web plates and pin 
plates through the rivets in the vertical leg of the angles. The stress on the rivets between the 
web plate and plate C is equal to the sum of the stresses in C, D and E, minus one-half the sum of 
the stresses in the cover plate, top angles and bottom angles on one side. 

The number of rivets in the plate A is determined by the stress in A only, and is controlled 
by single shear and is, 

— 54:920 


7,220 = 8 rivets. 
y : 


The number of rivets in the plate E is determined by the stress in E only, and is controlled 

by single shear and is, 
_ 54,920 
7,220 


= 8 rivets. 


The number of rivets between D and the top angle and between B and the top angle is de- 
termined by bearing on the 7/16 in. angle and is, 

_ 99,500 + 44,450 
9,190 
The number of rivets between D and the bottom angle and between B and the bottom angle is, 


= 15 rivets. 
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ag 78,650 
9,190 
The number of rivets between C and web, B, is determined by single shear, and is 


n = 131240 + 54,920 + 91,530 — 3(90,500 + 44,450 + 78,650) 
7,220 

End Connections for I-Beams.—The end connections for Carnegie I-Beams are given in 
Tables 117 and 118, and for Bethlehem I and Girder Beams in Tables 156 and 157, respectively. 
The end connections for short beams, and for beams carrying heavy loads should be carefully 
investigated for direct and bending stresses. Rivets should never be used in direct tension, 
Connections where rivets would be in direct tension should be provided with turned bolts. 

Eccentric Riveted Connections.—The actual shearing stresses in riveted connections are 
often very much in excess of the direct shearing stresses. This will be illustrated by the calcula- 
tion of the shearing stresses in the rivets in the standard connection shown in Fig. 15, which is 
assumed as loosely bolted to a column. 

The eccentric force, P, may be replaced by a direct force, P, acting through the center of 
gravity of the rivets and parallel to its original direction, and a couple with a moment M = P X 3 
in. = 60,000 in.-lb. Each rivet in the connection will then take a direct shear equal to P divided 
by , where 7 is the total number of rivets in the connection, and a shear due to bending moment M. 

The shear in any rivet due to moment will vary as the distance, and the resisting moment 
exerted by each rivet will vary as the square of the distance of the rivet from the center of gravity 
of all the rivets. 

Now, if a is taken as the resultant shear due to bending moment in a rivet at a unit’s distance 
from the center of gravity, we will have the relation, 


M = a(d? + d? + ds + d2 + dz) 


“ = azd? 


= 9 rivets. 


= 16 rivets. 


and 
~ Za? 

The remainder of the calculations are shown in Table I. The resultant shears on the rivets 
are given in the last column of the table and are much larger than would be expected. 


The force and equilibrium polygons for the resultant shears and load P, drawn in Fig. 15, 
‘close, which shows that the connection is in equilibrium. 


TABLE I. 


Direct Shear, S = 20,000 + 5 = 4,000 |b? 
Moment = 20,000 X 3 = 60,000 in.-lb. = a(d,2 + do? + dj? + di? + d;*) 
Where a = Moment shear on rivet 3, = 2,630 lb. 


d?, Moment, 
In2 In.-Lb. 


2.72 7.29 19,185 
1.90 3.61 9,500 
1.00 1.00 2,630 
1.90 3.61 9,500 
2.70 7.29 19,185 


azd? = 22.80 a = 60,000 in.-lb. 


a = 2,630 lb. = moment shear on rivet 3. 
M = shear due to Moment. 

S = Shear due to Direct Load, P. 

R = Resultant Shear. 


‘ : \ 
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Note.—In the analysis above it was assumed that the beam connections were bolted and 
that the bolts would not transmit tension in the direction-of their length.’ If the connection is 
bolted or riveted rigidly so that the bolts or rivets may transmit tension (rivets should never — 
transmit tension) in the direction of their length, the resisting moment thus developed will de- 
crease the shearing stresses on the rivets in the connection due to bending moment. 


Force Polygon 


— Equilibrium Polygon 


Standard Connection 
2is 6x 4'x3" 


oo 
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Web Splice.—The plate girder shown in Fig. 16 is to be spliced at a section where the bending 
moment is 1,667,000 in.-lb. and the shear is 165,000 lb. 

Solution.—The method which assumes that. one-eighth the area of the web is available as 
flange area will be used. The formula for stress in the outermost rivet is 
V = total shear at the section. 


M’-d, \? 
hae V(ZY+C ( 22a "y ira 
M’ = moment carried by web. 


2n = number of rivets on one side of the splice. 
2zd’?= the sum of the squares of the distances of the rivets, on one side of the splice, from the 
neutral axis. 
The joint must first be designed and then investigated. The number of rivets required is 
several rivets in excess of the number required to carry the direct shear. The number of 7% in. 
rivets required for shear alone is determined by bearing on the 4 in. web plate, and is 


V 165,000 


2n = — 
r 10,500 


= 15.6, (Table 114). 


. . ° . . ° ° . 
A joint with 17 rivets spaced as shown in Fig. 16 will be assumed. An odd number of rivets 
simplifies the calculation. 


V = 165,000 lb. 
M’ =1,667,000. X 3.00 + 12.50 = 400,000 in.-lb. 
2H aie 
dn =sTOiie 
22d? = 2(2? + 4? + 6 + 8 + 10? + 12? + 14? + 16) = 1632 in? 
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Then the maximum stress on the outside rivet will be, 


Meet 165,000 \? 400,000 X 16 \? 
ie (2) + (ge) Y9.G607F spac = 10,430 Ib, 


The allowable value of r for a 1% in. rivet is 14,400 Ib. in double shear and 10,500 Ib. in 
bearing on 14 in. web plate (Table 114), so the joint is satisfactory. 
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Riveted Joints in Cylinder, Pipe or Tank.—A cylinder 46 in. in diameter is to be designed to 
carry an internal pressure of 100 lb. per sq. in. Compute the required thickness of plate and 
design a longitudinal double riveted lap joint of equal efficiency for all parts. Reduce to com- 
mercial dimensions and investigate. . 

Solution.—The unit stresses allowed by specifications for tanks are ft = 12,000 lb. per sq. in., 
‘fo = 12,000 lb. per sq. in., fe = 24,000 Ib. per sq. in., for shop joints. 

From ‘Structural Mechanics,’ Chapter XVI. 


F Teh a as 5355 ae oeR mee (16a) 
te ir rao vom (160) 
d= Me he ete Die cos < .24 = 0.61 in. (16c) 
pa[r +3 |a=| +2280 | x 061 = 3.05 in. (16d) 


This joint would have the efficiencies for tension, compression and shear all equal, but the 
sizes could not be obtained from stock so that the joint must be altered to suit commercial sizes. 
Make ¢ = 1 in., d = 5 in., p = 3 in., and investigate the joint. 


ee a e8 _— 3 6,900 Ib. (14d) 
P 6,900 f 
= = , = 11,600 lb. per sq. in. (14a) 
fi (@—dt 2.375 X 0.25 
Oe in. (140) 
fe = Sg eg CEE 22,100 lb. per sq. in 
fo = Ey a 11,200 lb. per sq. in. (14¢) 


30d? 0.614. 
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Other considerations such as water-tightness enter into the design of joints; see Table 113. 
Table Ila, page 370 gives the properties of water tight joints. By efficiency is meant the ratio 
of the strength of the joint to the strength of a plate of equal thickness. Under effective section 
of plates in Table IIa, page 370, is given the thickness of an unriveted plate which would have 
the same strength as the joint. 

The most efficient joint for a given thickness of plate is found as follows: For single riveted 
lap joint ina 4 in. plate, 


ga Ale ., — 4X 24,000 


a:fv  —- 3.14 X 12,000 725 = Oe (15¢) 
a fe ie [ 24.0% | Ve ve ; 
p= E +% |¢- I iene d = 3.0d = 1.911 in. (15f) 
p—d 
é = —— = 0.67. 
p 7 


Use 5 in. rivets with 2 in. pitch. 
Formulas for Riveted Joints.—The general formulas for the investigation of lap joints with 
any number of rows of rivets are (For Nomenclature, see Chapter XVI.), 


i Je IB 
pane bid) 2 aera a 
For design of a joint of maximum efficiency, 
k-fe w:D 4fe f f | 
ee Bee Eee ena Re ORNS Je 
; fet k-fe’ ; 2fire’ a -fv inn ase? 4, (29) 


where & = number of rows of rivets. 

For a butt joint with a single strap plate and a single row of rivets the joint becomes two 
single riveted lap joints and the formulas for riveted lap joints may be used (Structural Mechanics. 
13 and15). For a butt joint with double strap plates and a single row of rivets on each side, 

Je P oe ase, 
eGo ga ee (30) 


For a butt joint with double strap plates and double riveting on each side, 


IP 12 iP. 
J eaide Je =e i deere (31) 


When a single strap plate is used it should never be thinner than the main plate, and when double 
strap plates are used they should never be thinner than 4 the thickness of the main plate. 

For data on riveted joints for tanks and stand-pipes, see Table Ila, page 370. 

DESIGN OF LACING BARS FOR COLUMNS.—It is difficult to calculate the bending 
stresses in a built-up column, and since the shearing stresses depend on the bending stresses the 
design of lacing bars must be largely a matter of judgment until sufficient tests are made to 
establish empirical formulas. The following method gives results that agree with tests and with 
good practice. 

For a column with a concentric loading, experiments show that the allowable unit stress may 
be represented by the straight line formula, p = 16,000 — 70]/r lb. per sq. in., where p = allow- 
able unit stress in the member; / = length of the member, c. to c. of end connections, and r = 
radius of gyration of the column, both in inches. Now the allowable unit stress on a short block 
is 16,000 lb. per sq. in., and the 70//r represents the increase in the fiber stress in the column. 


: : 5 i F Wl 
Now if we assume that this fiber stress is caused by a uniform horizontal load, W, then —3— = 


8 
701-1 Fol bg i 
ee where J = moment of inertia of the cross-section of the column = A-?r?, where A = the 
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area of the cross-section of the column, and c = the distance from the neutral axis of column 
sree 7 Ai) OAne: 
to the extreme fiber in the plane parallel to the plane of the lacing bars. Then i = oer l 


’ 


and W = 560“ _Now the shear in the column will be S = W/2, and the shear is S = 


: 3 : : A: 
280 At , and the stress in a lacing bar will be = 280 = X csc 0, where @ = the angle made by 


the bar with the axisof the column. In a laced channel column the shearing stress above will be 
taken by two lacing bars. This shows that the stresses in the lacing bars in the column with a 
concentric loading depend upon the make-up of the column, and are independent of the length 
of the column. 

Mr. C. C. Schneider by a somewhat different method has deduced the same formula on page 
195 of the Report of the Royal Commission on Collapse of Quebec Bridge, 1908. 

If the column carries a direct shear in addition to the shear due to the concentric load, or if 
the column has an eccentric load the additional shearing stresses must be considered in designing 
the lacing. The total stress in the lacing bar will be the total shear at the section multiplied by 
the cosec of the angle made by the lacing bar with the axis of the column. 
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PART I; 
STRUCTURAL TABLES. 


Introduction.—The tables in Part II include the properties of simple rolled sections; the 
properties of compound sections; the properties of built-up sections for columns, struts and 
chords; safe loads for angles, beams and channels, and of angle struts; properties of rivets and 
riveted joints, and miscellaneous data for structural design. It has been the aim to give tables 
and data that will be of use to the designing engineer and to the student in the designing room 
rather than to give safe loads, stresses and other predigested data that may be used by the novice. 
To this end properties of sections are given while safe loads for columns and chords have been 
omitted. Tables of trigonometric functions and logarithms and other tables that are readily 
available have not been included. The tables are arranged so that each page is self-contained 
and self-explanatory. In the tables the properties of rolled sections are grouped together for ease 
in reference, and are followed by properties of built-up sections. The tables in Part II are num- 
bered in Arabic numerals. 

Original Tables.—Tables 3, 4, 5, 13, 19, 20, 21, 22, 32, 33, 34, 35, 36, 37, 38, 39, 40, 56, 57, 
58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 78, 79, 80, 81, 82, 83, 84, 85, 86, 
87, 134, 135 and 136, covering 136 pages, were calculated especially for this book. The tables 
have been calculated and checked with great care and are believed to be accurate. These tables 
are fully protected by copyright and are not to be copied without permission from the author. 

The properties of compound sections consisting of two or four angles or of two channels, 
placed in different relative positions, may be used in designing struts, columns or chords where 
the sections are held together by means of lacing and tie plates; or the properties of built-up 
sections may be obtained by combining the moments of inertia of the compound sections and the 
moments of inertia of one or two plates in the proper relative positions. The built-up sections 
are all designed to comply with standard specifications and with the standards of the American 
Bridge Co. for rivet spacing and structural details. To illustrate the use of the tables of compound 
sections in building up struts, columns and chords, a one page table is given for each built-up 
section in common use, in which the properties for the usual proportions are given and the methods 
for calculating additional values by using the key tables of compound sections are given. The 
method of calculating the properties of built-up sections by using the moments of inertia of com- 
pound sections is shown in Table I. 

STANDARD TABLES.—The other tables in Part II have been taken from Carnegie Steel 
Company’s ‘“ Pocket Companion,’ Cambria “Steel,” American Bridge Company’s “Book of 
Standards,” and other sources to which credit has been given. Many of the copied tables have been 
rearranged and extended. The properties of I-Beams in Table 7, properties of channels in Table 
14, and properties of angles in Table 23 and Table 24 were taken from American Bridge Com- 
pany’s “ Book of Standards,” but have been checked with the recent edition of Carnegie’s “ Pocket 


Companion.” 
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TABLE I. 
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fequired A | Aofdls fable 33.| Aof PL Table/.|\ AoFlFl.  Tablel. 
Fequred I, | Lof4b =I,Jable 33.\ L,of Pl=I,,Table3.\ L,ofl2AL=I,/able 5. 
Required I, | L,of4ls=I,,Jable36.| 1,0f Pl=I,,Table4.| I, 0FCFl=l, lable3. 


L, Moment of Inertia, AxisAA, I,=/Moment of Inertia, AxisXX. A=Area. 
L5-Yoment of Inertia, AXSBB. L,-/Tomentof inertia, Axis YY . r= Violall,=folalA . 


i, =Fadws of byration, Ax/sA-A. L,=/Toment of Inertia, Axis I-l . -Wotall =Total 
is =hadus ofbyration, AXisBB. — I,=/omentof Inertia, Ax's2L. 4 B= VWotally= Total A. 


TOP CHORD SECTIONS.—The top chord sections given in Tables 82 to 86 were calculated 
to comply with the standard specifications which follow, unless otherwise noted in the tables. 

Specifications.-——All top chord sections shall comply with the following requirements. 

Thickness of Metal—The minimum thickness ‘of metal shall be 14 in. for highway bridges 
and 3 in. for railway bridges. 

Cover Plates——The cover plate shall have a thickness not less than one-fortieth (5) the dis- 
tance between gage lines of rivets in the flange angles on each side of the section. The cover 
plate shall always have the minimum thickness that will comply with the above requirements. 

Web Plates.—The web plates shall have a thickness not less than one-thirtieth (s'5) the 
distance between gage lines of rivets in the flange angles in the line of stress. As much of the 
metal as practicable shall be concentrated in the web plates and flange angles. 

Proportions of Chord Section.—There shall be a top cover plate which shall have a minimum 
thickness permitted by the specifications. As much of the metal as possible shall be concentrated 
in the web plates and flange angles. The top and bottom angles shall be so selected as to bring 
the neutral axis of the section as near the center of the web plates as practicable. The moments 
of inertia of the section about the two rectangular axes shall be approximately equal. ; 
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I1.25|13.50/15.75|18.00 
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11.88]14.25|16.63] 19.00 
12.19]14.63]17.06]/19.50 
12.50|15.00]17.50]20.00 


12.81]15.38|17.94|20.50 
13.13]15.75|18.38/21.00 
13.44/16.13]18.81/21.50 
13.75|16.50/19.25|22.00 
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6.13] 9. 24.50|27.56|30.63 36.75/39.81 45-94|49.00 
6.25] 9. 25.00/28.13|31.25 37-50|40.63 46.88|50.00 
6.38] 9. 25.50/28.69|31.88 38.25|41.44|44.63/47.81|5 1.00 
6.50] 9. 26.00|29.25|32.50 39.00] 42.25 48.75 |52.00 


6.63] 9. 26.50|29.81|33.13 39-75|43.06 49.69|53.00 
6.75| 10. 27.00|30.38/33.75 40.50|43.88 50.63 |54.00 
6.88) 10. 27.50|30.94|34.38 41.25)44.69 51.56/55.00 
7.00} 10. 28.00]31.50]35.00 42.00|45.50 52.50|56.00 
7.13) 10. 28.50|32.0613 5.63 42.75|46.31 53-44|57-00 
7.25/10. 29.00|32.63|36.25 43.50|47.13 54.38)|58.00 
7-38)11. 29.50|33-19/36.88 44-25147.94 55-31|59.00 
7.5O|11. 30.00]33.75|37.50 45.00]48.75 56.25 |60.00 
7.63\11. 30.50134.31|38.13 45.75149.56 57.19|61.00 
Fee: 31.00]34.88]38.75 46.50/50.38 58.13 |62.00 
7.88/11. 31.50|35.44139.38 47.25|51.19 59.06|63.00 
8.00]12. 3,2.00|36.00]40.00 48.00|52.00 60.00|64.00 
8.13/12. 32.50|36.56|40.63 48.75|52.81 60.94|65.00 
8.2512. 33.0013 7.13|41.25 49.50|53.63 61.88|66.00 
8.38]12. 33-50|37.69|41.88 50.25|54.44|58.63 |62.81 |67.00 
8.50]12. 34.00|38.25/42.50 51.00|55.25 63.75 |68.00 
8.63}12. 34.50138.81/43.13 51-75|56.06 64.69|69.00 
8.75/13. 35.00|39.38]/43.75 52.50|56.88 65.63|70.00 
8.88/13. 35.50|39.94/44.38 53-25|57-69 66.56/71.00 
g.00]13. 36.00]40.50|45.00 54.00|58.50 67.50|72.00 
g.13]13. 36.50]41.06|45.63 54-75159.31 68.44|73.00 
9.25|13. 37.00]41.63|46.25 55-50|60.13 69.38|74.00 
9.38]14. 37.50|42.19|46.88 56.25|60.94|65.63|70.31/75.00 
9.50/14. 38.00|42.75|47.50 57-00/61.75 71.25 76.00 
9.63/14. 38.50/43.31/48.13 57-75|62.56 72.19|77.00 
9.75|14. 39.00]43.88]48.75 58.50/63.38 73.13|78.00 
9.88) 14. 39-50/44.44/49.38 59.25|64.19 74.06|79.00 
10.00]I5. 40.00]4.5.00|50.00 60.00|65.00 75.00|80.00 
10.13]15. 40.50|45.56|50.63 60.75|65.81 75.94|81.00 
10.2515. -88/41.00]46.13|51.25 61.50)/66.63 76.88|82.00 
10.38|15. 41.50|46.69]51.88 62.25|67.44 7'7.81|83.00 
5 |10.50|15. 42.00]47.25/52.50 63.00/68.25 78.75 |84.00 
10.63|15. 42.50|47.81153.13 63.75|69.06 79.69|85.00 
10.75|16. 63|43.00|48.38]53.75 64.50)69.88 80.63 |86.00 
10.88/16. 43.50|48.94|54.38|59.81|65.25|70.69 81.56/87.00 
I1.00]16. 44.00]49.50]55.00 66.00]71.50 Beso 88.00 
11.13/16. 44.50|50.06/5 5.63 66.75|72.31 83.4.4|89.00 
11.25/16. 45.00}50.63|/56.25 67.50|73.13 84.38190.00 
11.38]17. 45.50/51.19|56.88 68.25|73.94 85.31|91-00 
II.5O|17. 46.00|51.75|57.50 69.00}74.75 86.25 /92.00 
11.63/17. 46.50|52.31|58.13 69.75|75.56 87.19|93.00 
11.7517. 47.00|52.88|58.75 70.50|76.38 88.13 |94.00 
11.88]17. 47.50|53-44159.38 71.25|77.19 89.06/95 .00 
12.00|18. 48.00]54.00|60.00 72.00|78.00 90:00 96.00 
12.1318. 48.50|54.56|60.63 72.75|78.81 90.94|97.00 
12.25/18. 49.00]55.13|61.25|67.38|73.50 79.63 g1.88|98.00 
12.38|18.56 49.50|55.69|61.88 74.25|80.44 92.81/99.00 
12.50|18.75 50.00|56.25/62.50 75.00/81.25 93-75 |100.0 
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WEIGHTS OF STEEL BARS AND PLATES. 


PouNDS PER LINEAL Foot. 


Thickness, Inches. 


Width, 
Inches 5 i Se i ts FY Bre x & § u 2 3 t | i I 

2. |p.O83|) 106] 159] 2213) 27] 332) <37) 243] -48] 4531 258 |" 204) 9-60] i744 ee SOl unos 

4 | .106] .213] .319] .425) .53] .64] .74| .85| .96) 1.06] 1.17] 1.28] 1.38] 1.49] 1.59] 1.70 

S| .159] .319] .478] .638) .80} .96] 1.12] 1.28] 1.43] 1.59] 1-75] I-91] 2.07) 2.23] 2.39] 2.55 
I 213] .425| .638] .850) 1.06] 1.28] 1.49] I-70] I.91] 2.13] 2.34] 2.55] 2.76] 2.98! 3.19] 3.40 
ti | .266] .531| -797]1.063] 1.33] 1.59] 1.86] 2.13] 2.39] 2.66) 2.92] 3.19] 3.45] 3-72] 3.98] 4.25 
1% | .319] .638] .956]1.275| 1.59] 1.91! 2.23] 2.55! 2.87] 3.19] 3-51] 3-83] 4.14] 4.46] 4.781 5.10 
13 | .372| .744|1.116]1.488] 1.86] 2.23] 2.60] 2.98] 3.35] 3-72] 4.09] 4.46] 4.83] 5.21] 5.58] 5.95 
2 .425| .850|1.275|1.700] 2.13] 2.55] 2.98) 3.40] 3.83] 4.25] 4.68] 5.10] 5.53] 5.95| 6.38] 6.80 
24 | .478] .956)1.434/1.913] 2.39] 2.87] 3.35] 3-83] 4.30] 4.78] 5.26] 5.74] 6.22] 6.69] 7.17| 7.65 
2% | .531/1.063]1.594/2.125| 2.66] 3.19] 3.72] 4.25] 4.78] 5.31] 5.84] 6.38] 6.91] 7.44] 7.97] 8.50 
2% | .584/1.169/1.753|2-338] 2.92] 3.51] 4.09] 4.68] 5.26] 5.84) 6.43] 7.01] 7.60] 8.18] 8.77) 9.35 
3 .638/1.275}1.913|2.550] 3.19] 3.83] 4.46] 5.10] 5.74] 6.38] 7.01| 7.65] 8.29] 8.93] 9.56)10.20 
3% | .691|/1.381]2.072/2.763] 3.45] 4.14] 4.83] 5.53] 6.22] 6.91] 7-60] 8.29] 8.98] 9.67/10.36/11.05 
33 | .744/1.488]2.231|2.975| 3.72] 4.46] 5.21| 5.95] 6.69] 7.44] 8.18] 8.93] 9.67/10.41|11.16]1I.90 
3% | -797|1-594|2-391/3.188] 3.98] 4.78] 5.58} 6.38] 7.17] 7.97] 8.77] 9.56|10.36|/11.16,11.95|12.75 
4 .850/1.700]2.550|3.400] 4.25) 5.10] 5.95] 6.80] 7.65] 8.50] 9.35|10.20|11.05|11.90,12.75|13.60 
Ak | .903}1.806|2.709]3.613] 4.52] 5.42] 6.32] 7.23] 8.13] 9.03} 9.93/10.84/11.74]12.64]13.55/14.45 
As .956]1.913]2.869|3.825] 4.78] 5.74] 6.69] 7-65] 8.61] 9.56|10.52/11.48]12.43/13.39,14.34|15.30 
4%  |1.009]2.019]3.028]4.038] 5.05] 6.06) 7.07] 8.08) 9.08/10.09}11.10]12.11]13.12/14.13}15.14|16.15 
5 1.063/2.125|3.188]4.250] 5.31| 6.38] 7.44] 8.50] 9.56/10.63|11.69|12.75|13.81|14.88)15.94|17.00 
5x |1.116]2.231|3.347|4-463] 5.58] 6.69] 7.81] 8.93/10.04)11.16}12.27|/13.39 14.50 15.62|16.73]17.85 
52 |1.169]2.338]3.506]4.675) 5.84] 7.01] 8.18] 9.35]10.52|11.69]12.86|/14.03]15.19|16.36 17.53|/18.70 
Sz |1.222]2.444]3.666/4.888] 6.11] 7.33] 8.55] 9.78]11.00|/12.22}13.44]14.66]15.88|17.11|18.33|19.55 
6 1.275|2-550|3-825|5.100| 6.38] 7.65] 8.93/10.20|11.48/12.75|14.03|15.30]16.58|17.85/19.13|20.40 
6% | 1.328}2.656)3.984|5.313] 6.64] 7.97] 9.30/10.63/11.95]13.28|14.61]15.94|17.27]18.59 19.92|21.25 
63 |1.381|2.763]4.144|5.525] 6.91] 8.29] 9.67|11.05]12.43|/13.81/15.19]16.58/17.96|19.34|20.72|22.10 
6% |1.434|2.869]4.303|5.738] 7.17] 8.61|10.04/11.48|12.91/14.34|15.78|17.21|/18.65|20.08 21.52/22.95 
7 1.488|2.975|4.463|5.950| 7.44] 8.93|10.41|11.90|13.39|14.88]16.36|17.85|19.34|20.83/22.31|23.80 
7 |1.541|3-081/4.622]6.163] 7.70] 9.24]/10.78]12.33]13.87/15.41|16.95|18.49|20.03|21.57|23.11|24.65 
7% |1.594|3.188]4.78%|6.375| 7.97| 9.56/11.16|12.75|14.34|15.94|17.53|19.13|20.72|22.31'23.91|25.50 
7%  |1.647/3.294/4-941|6.588] 8.23] 9.88]11.53/13.18]14.82/16.47|18.12|19.76|21.41 23.06,24.70 26.35 
8 1.700|3.400]5 -100/6.800} 8.50|10.20/11.90|13.60]15.30]17.00| 18.70|20.40|22.10|23.80 25.50/27.20 
8% |I.753|3-506/5.259|7.013| 8.77|/10.52|12.27|14.03]15.78]17.53 |19.28]21.04|22.79|24.64'26.30 28.05 
8} |1-806]3.673|5.419]7.225| 9.03)10.84|/12.64/14.45|16.26] 18.06] 19.87|21.68|23.48]/25.29 27.09|28.90 
8% |1.859]3.719|5.578/7-438] 9.30/11.16]13.02/14.88]16.73|18.59]20.45|22.31|24.17 26.03'27.89 29.75 
9 — |1.913]3.825|5.738|7-650] 9.56/11.48/13.39]15.30]17.21/19.13|21.04/22.95|24.86|26.78 28.69|30.60 
9% 11.96613.931|5.897]/7.863| 9.83]11.79|13.76|15.73]17-69| 19.66|21.62/23.59/25.55 27.52,20.48 31.45 
9% (2-019/4.038/6.056/8.075]10.09)/12.11|14.13]16.15|18.17|20.19|22.21|24.23|26.24|28.26 30.28|32.30 
Q¢ |2-072|4.144|6.216|8.288]10.36]12.43|14.50|16.58|18.65|20.72|/22.79|24.86|26.93 29.01, 31.08 23.05 
10 2.125|4.250|6.375|8.500| 10.63 /12.75|14.88/17.00]19.13|21.25 |23.38/25.50|27.63 29.75 31.88]34.00 
10% 2.178|4.356|6.534|8.713]10.89]13.07|15.25]17.43|19.60|21.78/23.96|26.14|28.32|30.49|32.67/34.85 
103 [2.231 4.463|6.694|8.925|11.16/13.39]15.62|17.85|20.08)22.31/24.54|26.78|29.01|31.24|33.47|35.70 
10g |2.284|4.569]6.853|9.138]11.42)13.71)/15.99|18.28/20.56]22.84/25.13|27.41129.70|31.98|34.27 36.55 
II 2.338|4.675|7.013|9.350|11.69) 14.03 |16.36|18.70]21.04/23.38]25.71|28.05|30.39|32.73|35.06 37.40 
11g 2.391|4.781]7.172|9.563|11.95/14.34]16.73|19.13 |21.52/23.91|26.30|28.69]3 1.08|33.47|35.86/38.25 
11z [2.444 4.888)7.331)/9-775|12.22]14.66|17.11/19.55|21.99|24.44|26.88|29.33|31.77|34.21|36.66/39.10 
IIg |2.497|4-9947-491|9.988|12.48)14.98|17.48|19.98|22.47/24.97|27.47|29.96|32.46|34.96|37.45139.95 
£2 2.550]5.100|7.650|10.20]12.75|15.30|17.85|20.40|22.95|/25.50|28.05|30.60|33.15 35-70/38.25|40.80 
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TABLE 2.—Continued. 


WEIGHTS OF STEEL BARS AND PLATES. 


Pounps PER LINEAL Foot. 


Thickness, Inches. 


t 


ts 


3 


is 


i | 


Q|13.18 


5-31 
5-53 
5-74 
5-95 
6.16 
6.38 


6.59 
6.80 


7:97 
8.29 
8.61 


8.93 


9.24 
9.56 
9.88 
10.20 


7.01 
7:23 
7-44 
7-05 
7.86 
8.08 


8.29 
8.50 


10.52 
10.84 
II.16 
11.48 


11.79 
12.11 
12.43 
12.75 


13.07 
13-39 
13375 
14.03 


14.34 
14.66 
14.98 
15.30 


15.94 
16.58 
17.21 
17.85 


18.49 
19.13 
19.76 
20.40 


8.71 
8.93 
9.14 
9-35 


9.56 
9-78 
9-99 
10.20 


10.63 
11.05 
11.48 
11.90 


£2233 
12.75 


13.60 


14.03) 
14.45 
14.88 
15.30 
15.73 
16.15 
16.58 
17.00 


17.43 
17.85 
18.28 
18.70 


19.13}28.69 
19.55|29-33 
19.98|29.96 


21.04 
21.68 
2OEaT 
22.95 
23.59 
24.23 
24.86 
25.50 
26.14 
26.78 
27.41 
28.05 


20.40|30.60 


10.63 
11.05 
11.48 
11.90 


13.28 
13.81 
14.34 
14.88 


£2.33 
E275 
13.18 
13.60 


14.03 
14.45 
14.88 
15.30 


15.73 
16.15 
16.58 
17.00 


17.43|21.78 
17.85|22.31 
18.28/22.84 
18.70|23.38 


19.13|23.91 
19 55|24.44 
19.98|24.97 
20.40/25.50 
26 56 
27.63 
28.69 
29-75 
30.81 
31.88 
32 94 
34.00 
35.06 
36.13 


15.41 
15.94 
16.47 
17.00 


17.53 
18.06 
18.59 
19.13 


19.66 
20.19 
20.72 
21.25 


2.25 
22.10 


22.95 
23.80 


24.65 
25.50 
26.35 
27.20 


28.05 
28.90 
29-75)37-19 
30.60]38.25 


31.45/39.31 
32.30/40.38 
33-15)41-44 
34.00]42.50 


34-85 143.56 
35-70|44.63 
36.55/45-69 
37-40)46.75 
38.25|47.81 
39.10|48.88 


39-95/49-94 


40.80]5 1.00 


15.94 
16.58 
17.21 


17.85 


18.49 
19.13 
19.76 
20.40 


21.04 
21.68 
22.30 
22.95 


23-59 
24.23 
24.86 
25250 


26.14 
26.78 
27.41 
28.05 


28.69 
29.33 
29.96 
30.60 


31.88 
33-15 
34-43 
35-70 


36.98 
38.25 


39-53 
40.80 


42.08 
43.35 
44.63 
45-90 


47.18 
48.45 
49-73 
51.00 


52.28 
53-55 


54.83 
56.10 


57-38 
58.65 


59-93 
61.20 


18.59 
19-34 
20.08 
20.83 


21.57 
22°31 
23.06 
23.80 


24.54 
25.29 
26.03 
26.78 


27.52 
28.26 
29.01 
29.75 


30.49 
31.24 
31.98 
32.73 


33-47 
34.21 
34-96 
35-70 


37-19 
38.68 
40.16 


41.65 


43-14 
44.63 
46.11 


47.60 
49.09 
50.58 
52.06 
53-55 


55.04 
56.53 
58.01 
59-50 
60.99 
62.48 
63.96 
65.45 
66.94 
68.43 
69.91 
71.40 


: | it 
26.56 
27.63 
28.69 
29-75 


30.81 
31.88 
32-94 
34-00 


35.06 
36.13 


37-19 
38.25 


39.31 
40.38 
41.44 
42.50 


43.56 
44.63 
45.69 
46.75 


47.81 
48.88 
49-94 
51.00 


53-13 
55.25 
57-38 
59.50 


61.63 
63.75 
65.88 
68.00 


70.13 
72.25 
74.38 
76.50 
78.63 
80.75 
82.88 
85.00 


87.13] 95.8 
89.25] 98.2 
91.38] 100.5 
93.50|102.9 


95-63|105.2 
97-75) 107-5 


63.1 
65.5 


67.8 
70.1 
72-5 
74.8 
Tinie 
79-5 
81.8 
84.2 
86.5 
88.8 
O1.2 
93-5 


319 
33.2 
34.4 
35.7 


37.0 
38.3 
39:5 
40. 


42.1 
43.4 
44.6 
45.9 


47.2 
48.5 
49.7 
51.0 


52.3 
G3k6 
54.8 
56.1 


57-4 
58.7 
59-9 
61.2 


63.8 
66.3 
68.9 
71.4 


74.0 
76.5 
79-1 
81.6 


84.2 
86.7 
89.3 
91.8 


94-4 

96.9 

99-5 
102.0 
104.6 
107.1 
109.7 
£12,2 
114.8 
£1723 


99.88]109.9, 119.9 


102.0/112.2 


122.4 


34-5 
35-9 
37-3 
38. 


40.1 
41.4 
42.8 
44.2 


45.6 
47.0 
48.3 
49-7 


Bien 
52.5 
53-9 
55-3 


56.6 
58.0 
59.4 
60.8 


62.2 
63.5 
64.9 
66.3 


69.1 
71.8 
74.6 
77-4 


80.1 
82.9 
85.6 
88.4 


O1.2 
93-9 
96.7 
99.5 

102.2 

105.0 

107.7 

110.5 


113.3 
116.0 
118.8 
121.6 


124.3 
127.0 
129.8 
132.6 


Width, 
Inches. 


‘ 


TABLE 2.—Continued. 


WEIGHTS OF STEEL BARS AND PLATES. 


PouNDS PER LINEAL Foot. 


Thickness, Inches. 


sical a is 


72.9| 83.3} 93-7 
74.4] 85.0] 95.6 
75-9| 86.7] 97.5 
77-4| 88.4} 99.5 
78.8) 9O.1|IO1.4 
80.3] 91.8}103.3 
81.8] 93.5/105.2 
83.3] 95-2/107.1 
84.8] 96.9}109.0 
86.3| 98.6/110.9]12 
87.8]100.3|112.8 
89.3]102.0]114.8 


90.7|103.7 
92.2|105.4 
93-7|107.1 
95-2|108.8]12 
96.7|110.5 
98.2}/112.2/12 
99.7|113.9 
IOI.2|115.6 
102.6/117.3 
104.1|119.0 
.5|105.6|/120.7 
107.1|122.4 


108.6/124.1 
II0.1/125.8 
I11.6/127.5 
113.1|129.2 
114.5/130.9 
116.0]132.6 
117.5|134.3 
119.0/136.0 
120 5|137.7 
122.0|139.4 
123.5/141.1 
125.0|/142.8 
126.4|144.5 
127.9]146.2 
129.4)147.9 
2|130.9]149.6 
132.4|151.3 
133-9|153.0 
135-4/154-7 
136.9]156.4 
138.3|158.1 
139.8]159.8 
141.3/161.5 
142.8]163.2 
144.3/164.9 
145.8]166.6 
147.3|168.3 
148.8/170.0 


2 


125.0 
127.5 
130.1 
132.6 


135.2 
137-7 
140.3 
142.8 
145-4 
147.9 
150.5 
153.0 
155.6 
158.1 
160.7 
163.2 
165.8 
168.3 
170.9 
173.4 
176.0 
178.5 
181.1 
183.6 
186 2 
188.7 
191.3 
193.8 
196.4 
198.9 


.7|201.5 


204.0 


.3|206.6 
.7|209.1 
.O|211.7 


214.2 


-7|216.8 
1,.0|/219.3 
.4|221.9 
.7|224.4 
.0|227.0 
.4|229.5 
-7|232.1 
.1/234.6 
.4|237.2 
.7|239.7 
.1/242.3 
-4|244.8 
“7 |247 4 
-1/249.9 
.4|252.5 
8255.0 


is 


135-4 
138.1 
140.9 
143-7 
146.4 
149 2 
151.9 
154.7 
157-5 
160.2 
163.0 
165.8 
168.5 
171.3 
174.0 
176.8 
179.6 
182.3 
185.1 
187.9 
190.6 
193-4 
196.1 
198.9 
201.7 
204.4 
207.2 
210.0 


212.7 
Oa H's 
218.2 
221.0 
223.8 
226.5 
229.3 
232.1 
234.8 
237.6 
240.3 
243.1 
245.9 
248.6 
251.4 
254.2 
256.9 
259.7 
262.4 
265.2 
268.0 
270.7 
273-5|294. 
275.3|297.5 


TABLE 3: 


Moments or INERTIA oF PLATES, Axis I-1. 


Moments of Inertia 
of One Plate. 


Thickness of Plate in Inches. 


¥ 1g 


5-9 . 7-2 
10.1 : 12.4 
16.1 : 19.6 
24.0 ; 29.3 
34.2 ‘ 41.8 


46.9 I) 57.3 
62.4] 69.3 |. 76.3 
81.0 é 99.0 
103.0 .4| 125.9 
128.6 -Q| 157.2 


158.2 -8| 193.4 
192.0 “| agile? 
230.3 -Q| 281.5 
273-4 © | 334.1 
221.5 .2| 393.0 


375.0 -7| 458.3 
434.1 33) 530.6 
499.1 .6! 610.0 
570.3 | 633.7] 697.1 
648.0 :0)|| 792.0 


732.4 8} 895.2 
823.9 -4 |I007.0 
922.6 P| AG? 
1029.0 -3 |1257.7 
1016.2 |1143.2 3 |1397-3 


1125.0 |1265.6 -3 |1546.9 
1086.1 |1241.3 |1396.5 6 |1706.8 
1194.7 |1365.3 |1536.0 .7 (1877.3 
1310.2 |1497.4 |1684.5 .7 |2058.9 
1228.2 |1433.0 |1637.7 |1842.4 .I |2251.8 


1339.8 |1563.2 |1786.5 |2009.8 |2233.1 |2456.4 
1458.0 |1701.0 |1944.0 |2187.0 |2430.0 |2673.0 
1582.9 |1846.7 |2110.5 |2374.4 |2638.2 |2902.0 
1714.7 |2000.5 |2286.3 |2572.1 |2857.9 |3143.7 
1544.8 |1853.7 2162.7 2471.6 |2780.6 |3089.5 |3398.5 


1666.7 |2000.0 |2333.3 |2666.7 |3000.0 |3333.3 |3666.7 
1794.8 |2153.8 |2512.7 |2871.7 |3230.7 |3589.6.|3948.6 
1929.4 |2315.3 |2701.1 |3087.0 |3472.9 |3858.8 |4244.6 
2070.5 |2484.6 |2898.7 |3312.8 |3726.9 |4141.0 |4555.0 


2 


7.8 
Tan8 
21.4 
32.0 


45.6 


62.5 
83.2 
108.0 
137.3 
171.5 


210.9 
256.0 
307.1 
364.5 
428.7 


500.0 
578.8 
665.5 
760.4 
864.0 


976.6 
1098.5 
1230.2 
1372.0 
1524.3 


1687.5 
1861.9 
2048.0 
2246.1 
2456.5 


2679.7 
2916.0 
3165.8 
3429.5 
3707-4 


4000.0 
4307.6 
4630.5 
4969.2 
5324.0 


2218.3 |2662.0 |3105.7 |3549.3 |3993-0 |4436.7 |4880.3 


15 


67.7 
90.1 
117.0 
148.8 
185.8 


228.5 
277-3 
332.7 
394-9 
464.4 


541.7 
627.0 
721.0 
823.8 
936.0 


1057.9 
1190.0 
1332-7 
1486.3 
1651.3 


1828.1 
2017.1 
2218.7 


2433.2 
2661.2 


2903.0 
3159.0 
3429.6 
3715.3 
4016.4 


4333-3 
4066.5 


5016.4 
5383.3 
5767.7 


§ 


g.1 
15.8 
25.0 
37:3 
53-2 


72.9 
97.0 
126.0 
160.2 
200.1 


246.1 
298.7 
358.2 
425.3 
500.1 


583.3 
675.3 
776-4 
887.2 
1008.0 


1139.3 
1281.6 
1435.2 
1600.7 


1778.4 


1968.8 
2172.3 
2389.3 
2620.4 
2865.9 


3126.3 
3402.0 
3693.4 
4001.1 
4325.3 


4666.7 
5025.5 
5402.3 


5797-4 
6211.3 


1080.0 


1220.7 
1373-1 
1537-7 
1715.0 
1905.4 


2109.4 
2327.4 
2560.0 
2807.6 
3070.6 


3349.6 
3645.0 
3957-3 
4286.9 


4634.3 


5000.0 
5384.5 
5788.2 
6211.5 
6655.0 


10.4 
18.0 
28.6 
42.7 
60.7 


83.3 
110.9 
144.0 
183.1 
228.7 


281.2 
341.3 
409.4 
486.0 
571.6 


666.7 
771.7 
887.3 
1013.9 
1152.0 


1302.1 
1464.7 
1640.3 
1829.3 
2032.4 


2250.0 
2482.6 
2730.7 
2994.8 
3275.3 


3572.9 
3888.0 


4221.1 
4572.7 
4943-2 


5333.3 
5743-4 
6174.0 
6625.6 


7098.7 


TABLE 3.— Continued. 


MomMENTs OF INERTIA OF PLATES, AXIS I-I. 


Moments of Inertia 
of One Plate. 


About 
Axis 1-1. 


16 


1 
ts 


5221 
5577 
5948 
6336 
6740 


7161 
8056 
9021 
10061 
11178 


12375 
13654 
15019 
16471 
18014 


19651 
21384 
23216 
25150 
27188 


29333 
31589 
33957 
36441 
39043 
41766 
44612 
47586 
50688 
53922 


57292 
60798 
64445 
68235 
72171 


76255 
80491 
84880 
89426 
94132 
99000 


3 
4a 


5695 
6083 
6489 
6912 
7353 


7812 
8788 
9841 
10976 
12194 


13500 
14895 
16384 
17968 
19652 


21437 
23328 
25326 
27436 
29659 


32000 
34460 
37044 
39753 
42592 


45562 
48668 
SIQII 
55296 
58824 


62500 
66325 
79304 
74438 
78732 


83187 
87808 
92596 
97556 
102689 
108000 


6170 
6590 
7030 
7488 
7966 


8464 
9520 
10662 
11891 
13211 


14625 
16137 
17749 
19466 
21290 


23224 
25272 
27437 
29722 
32131 


34667 
37332 
40131 
43066 
46141 


49359 
52724 
56237 
59904 
63727 


67708 
71853 
76163 
80642 
85293 


90120 
95125 
100313 
105686 


111247 
117000 


pee 
6645 


7°97), 


7570 
8064 


8579 


girs 
10253 
11482 
12805 
14227 


15750 
17378 
I9IIS 
20963 
22927 


25010 
27216 
29548 
32009 
34603 


37333 
40204 
43218 
46379 
49691 


53156 
56779 
60563 
64512 
68629 


72917 
77380 
82021 
86845 


91854 


97952 
102443 
108029 
I13815 
119804 
126000 


103984 
109760 
115746 


121945 
128362 
135000 


TABLE 4. 


Moments OF INERTIA OF PLATES, AXIS 2-2. 


Moments of Inertia \ b 
of One Plate. 2 YW eee} WH, priate 
Width THICKNESS OF PLATE IN INCHES. 
Fe chor: 
t ts 3 Ys 3 # $ 5a 2 Bt 5 

5 oI OI 02 03 .05 07 10 14 18 222 .28 
6 oI 02 03 04. 06 09 12 16 21 yi 33 
7 OI | .02 03 05 .O7 10 14 +19 25 Ril 39 
8 OL] 202 O4 .06 .08 12 16 22 28 36 45 
9 Grn 02 04 06 .09 13 18 24. 32 -40 .50 
10 | .or | .03 O4 07 .I0 15 20 27 35 45 .56 
II ol 03 05 08 sian 16 22 30 39 49 61 
12 02 | .03 0S 08 213 18 24 33 42 54 67 
13 ©2)} 03 06 09 14 19 26 35 46 58 oe) 
14 02 | .04 06 10 615 21 28 38 49 63 -78 
15 02 | .04 07 10 .16 AD 31 AI 53 .67 84 
16 02 | .04 07 II 317. 24 33 43 56 Ae 89 
7 e502. 04. 07 12 18 25 35 46 60 76 95 
18 02 | .05 08 13 .19 27 By, 49 63 .80 | 1.00 
19 02 05 08 13 -20 28 39 5 67 85 | 1.06 
20 03 | .05 09 14 .21 30 41 54 70 Seo) |e nage) 
21 03 05 09 15 +22 31 43 57 74 94 | 1.17 
22 03 06 10 15 23 33 45 60 al 08 | "1:23 
23 03 06 if) 16 24 34 47 62 Si er-03-1 2S 
24 03 06 II 17 25 36 49 65 84 | 1.07 | 1.34 
25 03 | .06 II 17 26 37 SI 68 SSS r.12"|i1.40 
26 03 07 II 18 B27, 39 53 70 Ol) er. 16s) a4 
27 04 07 12 19 .28 40 55 73 Oly bere | aon 
28 04 | .07 12 20 .29 42 57 76 98 e125) 55-56 
29 04 | .07 13 20 30 43 59 TOM 1.02" leet. 3On | a b.02 
30 04 | .08 13 21 31 44 61 Sto} ST -OSn | L-340)\8 1.677 
32 O4 08 14 22 33 47 65 S7 ae 12a leetA Sealer 70 
34 O4 09 15 24 35 50 69 92. |/e2.20) | e1.52) | e190 
36 05 09 16 25 38 53 573 98 aly t-2 70 es-Olaee-O8 
38 05 10 17 27 40 56 77 Vel .O3n| a heS 4m k On| ace ke 
40 | .05 | .10 18 28 42 59 EST |) TeOS gimied tle 1.79) |ez.2s 
42 05 II 18 29 44 62 85 | 1.14 | 1.48 | 1.88 | 2.34 
44 06 II 19 31 46 65 90 | 1.19 | 1.55 | 1.97) 2.46 
AGL E.O6° ||" 12 20 32 48 68 04 | 1.25 | 1.62 | 2.06 | 2.57 
48 06 || 12 21 33 50 71 .98 | 1.30 | 1.69 | 2.15 | 2.68 
50 O7 lenis 22 35 52 i 7 Aae fedeOZU| eT. 35 sel l= 10M |e2-23e e279 
52 O7 | .13 23 36 54 77 | 1.05 | 1.41 | 1.82 | 2.32 | 2.90 
54 07 14 24 38 56 .80 TOM IML.4 Oe OOM We. len |ies.O0 
56 08 14 25 39 58 83 TAA aS 2a eT. OOM | i2.5O= les okg 
58 08 15 25 41 60 86 Ter O el S72 :O4 zs On 4.24 
60 08 15 26 42 63 Soult fi22. A169 bo 2at | 2:68. 153.35 
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TABLE 5. 
MomEnts oF INERTIA OF Two PLATES ONE INcH WIDE, AxIS X—X. 


Moments of Inertia Xia For Distances 
of Two Plates a +_. ad Measured 
One Inch Wide, : from 
Axis X-X. ' Inside to Inside 


Thickness of Plate in Inches. 
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5 Bran SAA Gel PO.Gal 7.6) Si)! 9.97 |) TI.2. | Ta. 5ilr sale cy 2a ee O\Ou ems 2m eae 
Ge agsel 48h 5.01 > 721-|- 8.3) 9s5| 10.8] 12.2 | 13:6)) 15-016 TO.cal to. tatee lO. aieetea 
52| 4.1 Se3. 6.5 wal 9.0.) 10.4 |) L¥.8\ | 13-2 3) 14.7.) TO:st| | 17-0)||Ne 10.6) zt ge lao 
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83 Q:6) | T2.0—|' 14:8, | 17.5.1] 20:3 |°23.1 | 26.1 | 2051 |) 32-21) 35.30 46.6.) a4 b.Onler Sigmimedec 
S7)) JO || 12.85 | 15-6| 18.5 | 21-4. | 24.4.) 27.5 | 30:71 33.9) 37-2) 840.0)" Azra yaya 
9, | 10.7 13:6) 6.5\3|| 1955.| 22.6 | 25.7 || 29:07 || 32.3) Ill 35.701 30.2. |e 42.8) ned. 4 alms em ace 
94 £13.) 14.3") 17:4 20.5 |°23.8>|' 27.1 || 30.5 | 34:0, 0 .37-6,0 deal 4S Olle. On mage aaenae 
93) 11.9 15.0) 18:34) 27.6.) 25-0 | 28.5 | 32.5 | 35-7 || 39:5) 4s. 3m Avec ese eles on cee oes 
94| 12.5 | 15.8 | 19.2 | 22.7 | 26.3 | 29.9 | 33-7} 37-5 | 41-4] 45-4] 49-5] 53-7] 57-9] 6.1 
TO) | 913.11) 16:6" |; 20:2 |° 23:8.) 27.6] 33.4. | 35.3) | 30-3. |) 43-4 47201). R.9 ileehO.2 clo: a enone 


1724)||-2%.2 | 25.0, |' 28.9 | 32.6%| 37:01 41.2 | A5<5 |) 4938.10) 54.3) 1) 5S. enOsesaieoe7 
2 : 35 3827 IS 43cE 1: 47.5) | 62.0 jl SOLA Oke OO. am aaa 
LOS 15.10) OT 1523.2 | 2724) | 31.7) | 36.0 |. 40.5 | 45.00] 49.75|5 54.4 ly 059.2) |mO4e ou OO. on meet 
TL) 15-8) 20.001) 24-3) | 28:6) 33.1 | 37-6 || 42.3 |" 47.0. |. S 1.01) 56.8 2 Ol-Oul OG.Onne aro amea 
: 44.1: | 49:0' | Sart 59:2)" 64-4 I) 6orSale ee oa loer 

2 =32|21-8) | 26.5) || 931.241. 36.0 | 40.9) 46.0 ||. 5tst) -56.4)|) Ole7 |) O7at ee 2a ciliate siemceas 
LEG) 18.0 (2227-2716, | 32.6" |) 37.5 || 42.7 || 47.9.) 53.2 | 582710 64.251 60. Gm ec Gul ese meses 
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12 ES-S= (234710 28.74l 33-90] 39:1 1) 44.2) |) 49:89) 55.4. ||) O10) "OO.Gn an 72. Onl Orca nmmedie 
124 | 19.5 | 24.7 | 29.9 | 35.2 | 40.7 46:2 | 61.8 ||| 57.6 463.55) 60.441 e075 eeu ns Tee EOOKO i 
12g) 20.3 | 25.7 | 31.1 26:6: || 42.3 |.:48.0°| 53.9 |, S9.8>) 68-0))) 72Vtl 78.4 SAO Oma nlkOro 
12% | 20.1 -|| 26.7. | 32.3 38.1 | 43.9 |-49.9 | 55.9 | 62.1 | 68:4 |) 74.8) 81.3) 8810818 O4W7a| tom 
13 | 21.9 | 27.7 33-6. | 39.57] 45.6) 51.8 158.0] 6ac5 |) 710. 77648453! | OM2ul osizaltoss 
13% 22.8 28.8 | 34.8") 41-0 |. 47.3 | 53.7 | 60.2 | 66.8 | 73.6) 80.4.1) 87.4) Ode GaletOnal ame) 
133 23.6 | 29.8 | 36.1 | 42.5 | 49.0 | 55.6 | 62.4 | 69.3'| 76.2] 83.3] 90.5 | 97.8 | 105.3 | 11.6 
137 | 24.5 | 30.9 | 37-4 | 44.0 | 50.8 | 57.6 | 64.6 | 71.7 | 78.9] 86.2] 93.7 | 101.3 | 108.9 | 12.0 
14 | 25-4 | 32.0 38.8 | 45.6 | 52.6 | 59.7 | 66.9 | 74.2 | 81.7] 89.2] 96.9 | 104.7 | 112.7 | 12.5 
147| 26.3 | 33.0 | 40.1 | 47.2 | 54.4 | 61.7 |. 69.2 | 76.8 | 84.5 | 92.3 | 100.2 | 108.3 | 116.5 | 12.0 
143 | 27-2 | 34.3 | 41-5 | 48.8 | 56.3. | 63.8 | 71.5 | 79.4] 873) 95.3 |103.5 | III-9 | 120.3 | 13.4 
147 | 28.1 | 35.5 | 42.9 | 50.5 | 58.2 | 66.0 | 73.9 | 82.0 | 90.2] 98.4] 106.9 | 115.5 | 124.2 | 13.8 
15. | 29:1 | 36.7 | 44.3 | 52.1 | 60.1 |:68.1 | 76.3 | 84.7) 93.1.) 101.7 | 110.4) | 129.2 |) 128.20 tak 
154 30.0 | 37-9 | 45.8 | 53.9 | 62°0 | 70.4 | 78.8 | 87.4 | 96.1 | 104.9 | 113.9 | 123.0 | 132.2 | 14.8 
152] 31-0 | 39.1 | 47.3 | 55.6 | 64.0 | 72.6 | 81.3 | 90.1 | 99.1 | 108.2 | 117.4 | 126.8-| 136.3 | 15.3 
154| 32.0 | 40.3 | 48.7 | 57.3 | 66.0 | 74.9 | 83.8 | 92.9 | 102.2 | I1I.5 | 121.0 | 130.7 | 140.4 | 15.7 


For Moment «f Inertia, deducting for rivet holes, multiply tabular value by net width. 


TABLE 5.— Continued. 
Moments oF INERTIA OF Two PLATES ONE INCH WIDE, Axis X-X. 


| 


For Distances 
Measured 
from 
Inside to Inside. 


Moments of Inertia 
of Two Plates 
One Inch Wide, 


Axis X-X, 


ot oy eee 


Thickness of Plate in Inches. 


3 ts & ca i 38 g i8 x 
41.6 : I] 68.1] 77.2] 86.4) 95.8} 105.3} 114.9| 124.7| 134.6| 144.7 
42.9 ‘ 9| 70.2) 79-5| 89.0} 98.7| 108.5) 118.4] 128.4| 138.6| 149.0 
44.2 : 8} 72.3] 81.9| 91.7} 101.6] 111.7] 121.9] 132.2| 142.7| 153.3 
45.5 4 6| 74.4| 84.3] 94-4] 104.6} 114.9] 125.4] 136.0] 146.8| 157.7 
53-9 : 4| 87.9] 99.6] 111.4] 123.3] 135.5] 147.7] 160.1] 172.7| 185.5 
56.3 : 5 | 90.3 | 102.2 | 114.3} 126.6] 139.0] 151.6] 164.3] 177.2] 190.3 
52.5 | 66.1 A .6 | 107.7 | 121.9 | 136.2] 150.8] 165.5] 180.3] 195.4| 210.6| 226.0 
Bejtenl| Keyayg . 9 | 110.3 | 124.8 | 139.5} 154.4| 169.4] 184.6] 200.0] 215.6] 231.3 
63.3.| 79.6 ‘ 6 | 129.4 | 146.4, 163.6} 180.9, 198.5] 216.2} 234.1| 252.2) 270.5 
64.7| 81.3 : -I | 132.3 | 149.6] 167.2} 184.9] 202.8] 220.9] 239.2] 257.6| 276.3 
75.0} 94.3 q 3 | 153.2 | 173.2 | 193.4] 213.8] 234.5] 255.3] 276.3] 297.5] 319.0 
76.6| 96.2 : .0 | 156.3 | 176.7 | 197.3] 218.1] 239.2] 260.4] 281.8] 303.5 | 325.3 
87.8 | 110.3 : .8 | 178.9 | 202.2 | 225.8] 249.5] 273.5] 297.6] 322.0] 346.6] 371.5 
89.4 | 112.3 : .7 | 182.3 | 206.0 | 230.0] 264.1] 278.5) 303.1] 328.0] 353.0] 378.3 
IOI.5 | 127.5 : .0 | 206.7 | 233.5 | 260.6) 287.9) 315.5] 343.2] 371.2] 399.5 | 428.0 
103.3 | 129.7 ; .2 | 210.3 | 237-6| 265.1] 292.9] 320.9] 349.2] 377.6] 406.3| 435.3 
116.3 | 146.0 ; .0 | 236.4 | 267.1 | 297.9] 329.1] 360.5] 392.1] 424.0] 456.1| 488.5 
118.2 | 148.4 ‘ 4 | 240.3 | 271 4} 302.8! 334.4] 366.3] 398.4) 430.8] 463.4] 496.3 
132.0 | 165.7 : .8 | 268.2 | 302.8 | 337-8] 373.0) 408.5] 444.2] 480.2] 516.4] 553.0 
134.1 | 168.2 : +3 | 272.3 | 307-5 | 342-9] 378.7] 414.7) 450.9] 487.4 524.2 || 561.3 
148.8 | 186.7 3 .2 | 301.9 | 340.9 | 380.1] 419.6] 459.5} 499.5] 539.9] 580.5] 621.5 
150.9 | 189.4 : .0 | 306.3 | 345.8 | 385.6) 425.7) 466.0] 506.7] 547.6| 588.8] 630.3 
166.5 | 208.9 : 5 | 337-7 | 381.2 | 425.0] 469.1) 513.5) 558-1] 603.1] 648.3 | 694.0 
168.8 | 213.7 : -5 | 342.3 | 386.4} 430-7] 475.4) 520.4] 565.7] 611.2] 657.1 | 703.3 
185.3 | 232.4 é 4 | 375-4.| 423.7 | 472.3] 521.2] 570.5] 620.0] 669.8} 720.0] 770.5 
187.7 | 235.4. : -7 | 380.3 | 429.2 | 478.4] 527.9] 577.8] 627.9) 678.4] 729.2] 780.3 
205.0 | 257.1 b .2| 415.2 | 468.5 | 522.2] 576.1] 630.5} 685.1] 740.1] 795.3] 851.0 
207.6 | 260.3 : 6 | 420.3 | 474.3 | 528.6) 583.2} 638.2} 693.4) 749.1 | 805.0) 861.3 
225.8 | 283.1 . 6 | 456.9 | 515.5 | 574.5} 633.8| 693.5! 753-4] 813.8] 874.4] 935.5 
228.4 | 286.4 3 3 | 462.3 | 521.6] 581.2] 641.2] 701.5] 762.2] 823.2] 884.6} 946.3 
247.5 | 310.3 3 9 | 500.7 | 564.8] 629.4] 694.2} 759.5) 825.0] 891.0] 957.3 |1024.0 
250.3 | 313.8 : .7 | 506.3 | 571.1 | 636.4] 702.0] 767.9] 834.2] 900.9] 967.9 |1035.3 
270.3 | 338.8 : 8 | 546.4 | 616.4} 686.7] 757.4) 828.5] 899.9] 971-7 |1043.9 |1116.5 
273.2 | 342.4 : 9 | 552.3 | 623.0] 694.0] 765.5} 837.3] 909.5] 982.0 |1055.0 |1128.3 
294.0 | 368.5 : 6 | 594.2 | 670.2 | 746.5] 823.3} 900.5] 978.0)/1055.9 |1134.3 |1213.0 
ZO 7 EG 7263 : 9 | 600.3 | 677.0] 754.2] 831.7} 909.7| 988.0)1066.7 |1145.8 1225.3 |7 
318.8 | 399.5 : .0 | 643.9 | 726.2 | 808.9] 892.0] 975.5/1059.4/1143.6 |1228.4 |1313.5 
321.9 | 403.4 f 6 | 650.3 | 733.4] 816.8] 900.7] 985.0|1069.7|1154.8 |1240.4 |1326.3 
344.5 | 431.7 : 3 | 695-7 | 784.5 | 873.7] 963.4/1053.5|1144.0]1234.9 |1326.2 |1418.0 
347.8 | 435.8 c .0 | 702.3 | 791.9 | 882.0] 972.5] 1063.4/1154.7)1246.5 |1338.7 |1431.3 
371.3 | 465.2 ; 3|749-4.| 845.0 | 941.1/1037.5|1134.5)1231.8|1329.6 |1427.8 |1526.5 
374.7 | 469.4 2 | 756.3 | 852.7 | 949.7/1047.0]1144.8]1243-0|1341.7 |1440.8 |1540.3 
399.0 | 499.9 2 .0 | 805.2 | 907.8 |1010.9]1114.5|1218.5|1322.9|1427.8 |1533.2 |1639.0 
402.6 | 504.3 : .2 | 812.3 | 915.8 |1019.8/1124.311229.2!1334.511440.3 11546.6 |1653.3 


For Moment of Inertia, deducting for rivet holes, multiply tabular value by net width. 


TABLE 5.— Continued. 
Moments OF INERTIA OF Two Piates ONE INcH WIDE, Axis X-X. 
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anon Que == 


For Distances 
Measured 


Moments of Inertia eae ee 
of Two Plates 
One Inch Wide, 


from 
Axis X-X. Inside to Inside. 


Thickness of Plate in Inches. 


pow eile [oa le foe | ee ae 


584] 431.4] 540.5! 649.9] 759-9] 870.3] 981.1|1092.5|1204.3]13 16.5|1429.3]1542.5 |1656.1 |1770.3 |214.8 
603| 427.5] 573-1) 689.2] 805.7] 922-7/1040.1/1158.1|1276.5|1395.5|/1514.9|1634.7 |1755.1 |1876.0 |227.8 
603] 461.3] 577.8| 694.8] 812.3] 930.3|1048.7/1167.6|1287.0/1406.9]1527.3|1648.1 |1769.5 |1891.3 |229.7 


623| 488.3] 611.6) 735.4] 859.7] 984.4/1109.7/1235.4|1361.7/1488.5|1615.7|1743.5 |1871.7 |2000.5 1243.2 
623| 492.2| 616.5] 741.2| 866.5] 992.3/1118.5|1245.3|1372-5|1500.3|1628.5/1757.3 |1886.5 |2016.3 |245.1 
64%| 520.0] 651.3] 783.1] 915.4/1048.2/1181.5/1315.3|1449-6/1584.5|1719.8|1855.7 |1992.1 |2129.0 |259.0 
643| 524.1) 656.4] 789.1] 922.4/1056.3/1190.6/1325.4/1460.8|1596.7|1733.0| 1869.9 |2007.4 |2145.3 |261.0 


664| 552.8) 692.3] 832.3] 972.9/1113.9|1255.5]1397-6|1540.3|1683.5/1827.2) 1971.4 |2116.2 |2261.5 |275.4 


682] 586.5] 734.5} 883.0|1032.1/1181.7/1331.8|1482.5|1633.7/1785.5]1937.8|2090.6 |2244.0 |2398.0 292.2 
683| 590.8] 739-9] 889.5] 1039.6/1190.3|1341.5|1493-2|1 45-6|1798.4|1951.8|2105.7 |2260.2 |2415.3 |294.3 


70%| 621.3) 778.0) 935.3}1093.1|1251.4/1410.3]1569.8]/1729.9| 1890.5|205 1.6/2213.3 |2375.6 |2538.5 |309.6 
703| 625.7| 783-5] 941-9|1100.8/1260.3)1420.3]1580.9|1742.1/1903.8|2066.1/2228.9 |2392.3 |2556.3 1311.7 
72%| 657.0) 822.8) 989.0/1155.8/1323.2/1491.1|1659.7| 1828.8) 1998.5) 2168.7|2339.6 |25 11.0 |2683.0 |327.4 
723| 661.6| 828.4] 995.8/1163.7/1332.3|1501.4|1671.1|1841.3|2012.2/2183.6/2355.5 |2528.1 |2701.3.|320.6 


743| 698.4] 874.5|/1051.2)1228.4)1406.3|1584.7/1763.7|1943-3|2123.5|2304.3|2485.7 |2667.7 |2850.3 348.0 
763| 736.3| 921.9|1108.1]1294.9|1482.3]1670.3/1858.9|2048.1/2237.9|2428.3|2619.4 |2811.0 |3003.3 |367.0 
783| 775-2| 970.5|1166.5|1363.1/1560.3]1758.1/1956.5|2155-6/2355.3/2555.6|2756.5 |2958.1 |3160.3 |386.4 
803| 815.1|1020.4| 1226.4] 1433.0] 1640.3] 1848.2|2056.7|2265 .9|2475.7|/2686.1|2897.2 |3 108.9 |3321.3 406.3 


823] 855.9|1071.6)1287.8/1504.7|1722.3]1940.5|2159.3|2378.9/2599.0|2819.9|3041.3 |3263.5 |3486.3 |426.7 
843| 897.8/1123.9/1350.7|1578.1|1806.3/2035.0)2264.5/2494.6)2725.4|2956.9/3189.0 |3.421.8 |3655.3 447.6 
863] 940.7/1177-6]1415.1]1653.3|1892.3/2131.9|2372.1|2613.1/2854.8|3097.1|3340.1 |3583.9 |3828.3 469.0 
883] 984-6|1232.5|1481.0)1730.3|1980.3/2230.9|2482.3|2734-4|2987.2/3240.6]3494.8 |3749.7 |4005.3 490.9 


2|1029.4|1288.6|/1548.4| 1809.0|2070.3]2332.3/2595.0/2858.4/3 122.513 387.4|3653.0 |3919.3 |4186.3 513.3 
923|1075.3|1346.0) 1617.4/1889.4|2162.3|2435.8|2710.1|2985.2|3260.9|3537.4|3814.6 |4092.6 4371.3 536.2 
945|1122.2|1404.6/1687.7/1971.6|2256.3|2541.6|2827.8|3114.7|3402.3|3690.71/3979.8 |4269.7 |4560.3 550.6 
963) 1170.1]1464.5/1759-6)205 5 .6/2352.3|2649.7|2947-9/3240.913546.7|3847.2|4148.4 |4450.5 |4753-3 [583.5 


983] 1218.9] 1525.6) 1833.0]2141.3/2450.3|2760.0|3070.6)3381.9|3694.0|4006.9|4320.6 | 4635.0 |4950.3 |607.9 
100}| 1268.8] 1588.0] 1908.0|2228.7|25 50.3|2872.6|3195.7|3519.7|3844.4|4169.9|4496.2 |4823.4 |5151.3 632.8 
1023] 1319.7) 1651.6/1984.4)2317.9|2652.3|2987.4|3323.4|3660.2/3997.8|4336.2|4075.4 |5015.4 |5356.3 |658.2 
1043|1371.6|1716.5|2062.3/2408.8|2756.3|3104.513453-6|3803.5|4154.2/4505.7/4858.0 [5211.3 [5565.3 684.1 


1063 1424.4/1782.7|2141.7|2501.5|2862.3/3223.8|3586.2|3949.514313.5|4678.5|5044.2 |S410.8 [5778.3 710.5 
1083 1478.3]1850.0]2222.6/2596.0|2970.3|3345-413721-4|4098.214475.9|4854.5|5233.9 [5614.1 |5995.3 73766 
1103/1533.2 1918.7|2305 .0|2692.2| 3080.3 |34.69.2|3859.0/4249.7|4641.3|5033.7|5427.0 |5821.2 |6216.3 764.9 
1123|1589.1)1988.6|23 88.9) 2790.1|3192.3/3595-3|3999-2|4404.0|4809.7|5216.2|5623.7 |6032.0 |6441.3 792.8 
1143|1645.9|2059.7|2474.3|2889.8|3306.3|3723.6|4141.8|4561.0|4981.0]5402.0|5823.8 |6246.6 |6670.3 |821.2 
1163/1703.8|2132.1/2561.2/2991.3|/3422.3|3854.2|4287.0/4720.8/5155.4|6591.0|6027.6 [6464.9 |6903.3 |850.1 
1183|1762.7|2205.7|2649.6|3094.5|35.40.3|3987.0|4434.6|4883.3|5332.8|5783.316234.6 |6687.0 |7140.3 879.5 
1203|1822.6]2280.6/2739.513 199-413660.314122.114584.815048.515513.215978.816445.3 |6912.8 |7381.3 1909.4. 


For Moment of Inertia, deducting for rivets, multiply tabular value by net width. 
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581] 427.8] 535.9] 644.4) 753.5] 862.9] 972.9/1083.3|1194.1]1305.5|1417.3|1529.5 |1642.3 |1755.5 |213.0 


663| 556.9) 697.5] 838.6] 980.1)1122.3|1264.9]1408.1| 1551-8) 1696.0]1840.8|1986.1 |2131.9 |2278.3 |277.4] 


ewe Ns 


ae eal ear 


TABLE 6. 


WEIGHTS AND AREAS OF SQUARE AND RouNnD BARS AND CIRCUMFERENCES OF ROUND BARS. 
OnE Cusic Foot oF STEEL WEIGHING 489.6 LB. 


Weight | Weight nen 


Circum- Weight | Weight | Area Area | Circum- 
Thickness of ference aRhichness of ference 


fo) of fo) of of of 
open | | @ O)O|«2) B| @ O}O 
Bar _ Bar Bar Bar Bar 


Inches. Bar _ Bar Bar Inches, ( _Bar Bar 
me Ft.| One Ft.| in Sq. | in Sq in One Ft | One Ft.} in Sq. | in Sq. in 
Long. | Long. | Inches. | Inches. | Inches. Long. | Long. | Inches. | Inches. | Inches. 
° Mines Ho) gl Ras eee  ceaees Rodteaseeel |Pae 30.60 | 24.03 | 9.0000] 7.0686] 9.4248 
Ys 013 O10] .0039] .0031] .1963 Ta 31.89] 25.04 | 9.3789] 7.3662] 9.6211 
z 053] .042] .o1s6 ioe 3927 § 33-20] 26.08 9-7656 Bp 9.8175 
3 a 
16 119 094] .0352]| .027 5090 i6¢ 34.55] 27.13 |10.160 | 7.9798]10.014 
3 .212|- .167] .0625| .0491] .7854 £ 35.92] 28.20 |10.563 | 8.2958]10.210 
16 333] .261} .0977| .0767| .9817 16 37-31 | 29.30 |10.973 | 8.6179]10.407 
3 8 6} .1104] 1.1781 : 8.73 | 30.42 |11.391 | 8.9462110.603 
3 47 375} .140 8 39-73 | 30. . : . 
“a 651 SII] .1914] -1503 | 1.3744 75 40.18 | 31.56 |11.816 | 9.2806]10.799 
4 850] .667]| .2500] .1963] 1.5708 3 41.65 | 32.71 |12.250 | 9.6211|10.996 
9 
is 1.076 845] .3164] -.2485 | 1.7671 i6 43-14] 33.90 |12.691 | 9.9678]11.192 
in 1.328] 1.043] .3906| .3068 1.9035 in Heh 35.09 a5-147 toa pas 
i¢ 1.608] 1.262] .4727| .3712] 2.159 at 46.24] 36.31 113.598 |10. 11.585 
= 1.913 | 1.502] .5625]| .4418| 2.3562 @ 47.82 | 37.56 |14.063 |11.045 |11.781 
ae 2.245] 1.763] .6602] .5185] 2.5525 ié¢ 49.42 | 38.81 114.535 |11.416 |11.977 
4 2.603 | 2.044] .7656] .6013 | 2.7489 4 51.05] 40.10 |15.016 |11.793 }12.174 
Te 2.989| 2.347] .8789| 6903} 2.9452] i6 52.71 | 41.40 |15.504 |12.177 |12.370 
I 3.400] 2.670] 1.0000] .7854]3.1416] 4 54.40| 42.73 |16.000 |12.566 |12.566 
re 6 % 6 6 62 |12.76 
16 3.838] 3.014] 1.1289| .8866] 3.3379 16 5 44.07 |I ‘504 Hee a 3 
s 4-303 | 3.379] 1.2656} .9940} 3.5343 5, 57.85 | 45.44 |17.016 |13.364 |12.959 
ts 4-795 | 3-766] 1.4102 | 1.1075] 3.7306] ig 59.62 | 46.83 [17.535 |13-772 |13.155 
mi t 61. 8.24 |18.063 |14.186 ]13.352 
5.312| 4.173 | 1.5625 | 1.2272] 3.9270 4 1.41 | 48.24 3 |14 3 
+ 5.857| 4.600] I eae! I 3530 ‘ 1233 16 63 23 49.66 |18.598 Sais Se, 
5 6.428] 5.049| 1.8906] 1.4849 | 4.3197 3 5.08] 51.11 ]19.141 |I5. A 
ete 7.026] 5.518} 2.0664 | 1.6230] 4.5160 16 66.95 | 52-58 |19.691 |15.466 113.941 
4 7.650| 6.008 | 2.2500 | 1.7671 | 4.7124 a 68.85 | 54.07 ]20.250 |15.904 ]14.137 
a5 8.301 | 6.520] 2.4414 | 1.9175 | 4.9087 16 70.78 | 55.59 ]20.816 |16.349 |14.334 
= 8.978 | 7.051 | 2.6406 | 2.0739 | 5.1051 3 72.73| 57.12 [21.391 |16.800 |14.530 
i 9.682} 7.604] 2.8477 | 2.2365] 5.3014]  t6 74-70 | §8.67 21.973 |17.257 |14-726 
# 10.41 | 8.178] 3.0625 | 2.4053 | 5.4978 re 76.71 | 60.25 22.563 |17.721 114.923 
ae 11.17 | 8.773 | 3.2852 | 2.5802 | 5.6941 +. 78.74.| 61.84 ]23.160 |18.190 ]15.119 
: i 63.46 }23.766 |18.665 |rs.31 
s 11.95 | 9.388] 3.5156] 2.7612 | 5.8905 z 80.81 | 63.46 |23.7 18.665 |15.315 
ae 12.76 | 10.02 | 3.7539 | 2.9483 | 6.0868 6 82.89 | 65.10 |24.379 |19.147 |15.512 
2 13.60 | 10.68 | 4.0000] 3.1416] 6.2832] 5 85.00} 66.76 |25.000 }19.635 |15.708 
qe 14.46 | 11.36 | 4.2539 | 3.3410] 6.4795 ts 87.14] 68.44 |25.629 |20.129 |15.904 
i 15.35 | 12.06 | 4.5156] 3.5466 | 6.6759 z 89.30| 70.14 |26.266 |20.629 |16.101 
is 16.27 | 12.78 | 4.7852 | 3.7583 | 6.8722 as 91.49| 71.86 }26.910 |21.135 Be 
z 60 |27.563 |21.648 |16. 
fe [than [1438 [SSu7y|42c00| ro6io] ye | 9896] Fes7 fkasy (2266 [recoo 
19.18 | 15.07 | 5.6406] 4.4301 | 7.4613 3 98.23 | 77-15 sai 22.691 ee 
16 20.20 | 1 5.9414 | 4.0064 | 7- I 221 | Ip 
is 5.86 6664.| 7.6576 vs oe a 95 |29.5 5 a Z- oe 
5 6.69 | 6.2500 | 4.9087 | 7.8540 x 102. 0.77 130.250 |23. ; 
2 a3 a " A 6 rer igs eo, 2 105 2 | 82.62 |30.941 |24.301 17-475 
23.43 | 18.40 16.8906] 5.4119 | 8.2467 ie 107.6 | 84.49 131 oe pe re 
Gi 24.56 | 19.29 | 7.2227 | 5.6727 | 8.4430 eal 110.0 | 86.38 |32 iB ae us : 
3 25.71 | 20.20 | 7.5625 | 5.9396 | 8.6394 2 112.4 | 88.29 |33.063 |25.967 |18.064 
ig 28 us 21.12 | 7.9102 | 6.2126 | 8.8357 te T14:9 | 90-22,133 785 26.535 aie 
4 28.10 | 22.07 | 8.2656] 6.4918 | 9.0321 3. 117.40 |) 92.07 34-57 ll ee ae 
te 29.34 | 23.04 | 8.6289 | 6.7771 | 9.2284 16 119.9 | 94.14 135-254 |27- . 
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TABLE 6.—Continued. 
WEIGHTS AND AREAS OF SQUARE AND ROUND BARS AND CIRCUMFERENCES OF ROUND BARs- 
One Cusic Foot oF STEEL WEIGHING 489.6 LB. 


Weight | Weight}| Area Area | Circum- Weight | Weight | Area Area | Circum- 
Thickness of of oo of ference Dhiciness of of a of ference 
pan | fi | @ O|}O|«2| | @ 

Inches . Bar Bar Bar _ Bar Bar Inches. Bar Bar _ Bar Bar Bar 

* | One Ft. | One Ft.| in Sq. | in Sq. in One Ft. | One Ft.} in Sq. | in Sq. in 
Long. | Long. | Inches. | Inches, | Inches. Long. Long. | Inches. | Inches. | Inches. 

6 122.4 |96.14 | 36.000] 28.274 | 18.850 9 275.4 | 216.3 | 81.000] 63.617] 28.274 
16 125.0 |98.14 | 36.754] 28.866] 19.046 16 279.3 | 219.3 | 82.129] 64.505] 28.471 
$ 127.6 | 100.2 |37.516| 29.465 | 19.242 a 283.2 | 222.4 | 83.266) 65.397] 28.667 
ol 130.2 | 102.2 | 38.285 | 30.069 | 19.439 is 287.0 | 225.4 | 84.410] 66.296} 28.863 
i 132.8 | 104.3 | 39.063 | 30.680] 19.635 rs 290.9 | 228.5 | 85.563 | 67.201] 29.060 
4 135.5 | 106.4 | 39.848 | 31.296| 19.831 16 294.9 | 231.5 | 86.723 | 68.112] 29.256 
2 138.2 | 108.5 | 40.641 | 31.9191 20.028 3 298.9 | 234.7 | 87.891 | 69.029] 29.452 
AG 140.9 | 110.7 | 41.441 | 32.548] 20.224 5 302.8 | 237.9 | 89.066 | 69.953] 29.649 
> 143.6 | 112.8 | 42.250] 33.183 | 20.420 z 306.8 | 241.0 | 90.250| 70.882] 29.845 
AS 146.5 | 114.9 | 43.066 | 33.824 | 20.617 i6 310.9 | 244.2 | 91.441 | 71.818] 30.041 
ie 149.2 | 117.2 | 43.891 | 34.472 | 20.813 is 315.0 | 247.4 | 92.641 | 72.760] 30.238 
i¢ 152.1 | 119.4 | 44.723 | 35.125 | 21.009 16 319.1 | 250.6 | 93.848 | 73-708] 30.434 
< 154.9 | 121.7 | 45.563 | 35.785 | 21.206 3 323.2 | 253.9 | 95.063 | 74.662] 30.631 
6 157.8 | 123.9 | 46.410] 36.450] 21.402 ae 327.4 | 257.1 | 96.285 | 75.622] 30.827 
a 160.8 | 126.2 | 47.266 | 37.122] 21.598 t 331.6 | 260.4 | 97-516| 76.589] 31.023 
a 163.6 | 128.5 | 48.129 | 37.800] 21.795 ie 335.8 | 263.7 | 98.754 | 77-561] 31.022 | 
7 166.6 | 130.9 | 49.000] 38.485] 21.991| 10 340.0 | 267.0 | 100.00] 78.540] 31.416 


169.6 | 133.2 | 49.879 | 39.175 | 22.187 
172.6 | 135.6 | 50.766 | 39.871 | 22.384 
175.6 | 137.9 | 51.6601 40.574 | 22.580 


178.7 | 140.4 | 52.563 | 41.282] 22.777 
181.8 | 142.8 | 53.473 | 41-997 | 22.973 
184.9 | 145.3 | 54.391 | 42.718 | 23.169 
188.1 | 147.7 | 55.316] 43.445 | 23.366 
191.3 | 150.2 | 56.250] 44.179 | 23.562 
194-4 | 152.7 157.191 | 44.918 | 23.758 


344.3 | 270.4 | 101.25] 79.5251 31.612 
348.5 | 273.8 | 102.52 | 80.516] 31.809 
352.9 | 277.1 | 103.79 | 81.513] 32.005 
357.2 | 280.6 | 105.06} 82.516] 32.201 
361.6 | 284.0 | 106.35 | 83.525] 32.398 
366.0 | 287.4 | 107.64} 84.541] 32.594 
370.4 | 290.9 | 108.94 | 85.562] 32.790 
374.9 | 294.4 | 110.25 | 86.590] 32.987 
379-4 | 297-9 | I11.57 | 87.624] 33.183 


H | i H + 

Sexo Tlpsooteot lou ne cote Sie 

owe re lous goer 
Ol leo: [-2) [-:) 


i. 197.7 | 155.2 | 58.141 | 45.664 | 23.955 3 383.8 | 301.4 | 112.89 | 88.664] 33.379 
ao 200.9 | 157.8 159.098 | 46.415 | 24.151 ne 388.3 | 305.0 | 114.22 | 89.710] 33.576 
4 204.2 | 160.3 | 60.063 | 47.173 | 24.347 q 392.9 | 308.6 | 115.56| 90.763] 33.772 
16 207.6 | 163.0 | 61.035 | 47.937 | 24.544 i 397.5 | 312.2 | 116.91 | 91.821] 33.968 
3 210.8 | 165.6 | 62.016| 48.707 | 24.740 t 402.1 | 315.8 | 118.27] 92.886] 34.165 
a3 214.2 | 168.2 | 63.004 | 49.483 | 24.936 te 406.8 | 319.5 | 119.63 | 93.956] 34.361 
8 217.6 | 171.0 | 64.000] 50.265 | 25.133] II AII.4 | 323.1 | 121.00] 95.033} 34.558 


416.1 | 326.8 | 122.38] 96.116] 34.754] - 
420.9 | 330.5 | 123.77 | 97.205] 34.950 
425-5 | 334.3 | 125.16) 98.301] 35 147 
430.3 | 337-9 | 126.56 | 99.402] 35.343 
435.1 | 341.7 | 127.97 |100.51 135.539 
439-9 | 345.5 | 129.39 |101.62 135.736 
444.8 | 349.4 | 130.82 |102.74 |35.932 
449-6 | 353.1 | 132.25 |103.87 [36.128 
454-5 | 357.0 | 133.69 |105.00 |36.325 
459.5 | 360.9 | 135 14 |106.14 |36.521 


221.0. | 173.6 | 65.004] 51.054 | 25.329 
224.5 |176.3 | 66.016] 51.849 | 25.525 
228.0 | 179.0 | 67.035 | 52.649 | 25.722 
231.4 | 181.8 | 68.063 | 53.456] 25.918 
234.9 | 184.5 | 69.098 | 54.269 | 26.114 
238.5 | 187.3 | 70.141 | 55.088 | 26.311 
242.0 | 190.1 | 71.191 | 55.914 | 26.507 
245.6 | 193.0 | 72.250] 56.745 | 26.704 
249.3 | 195-7 | 73-316] 57.583 | 26.900 
252.9 !198.7 174.391 | 58.426 | 27.096 


Rol] coco tt] C0] at 
|e Sls ae ol? ot 


ra an # # # 
colon once ilsscoteab fonts Elson Iot 
i) 


= 
* 
t+. 00]er1 


té 256.6 | 201.6 | 75.473 | 59.276 | 27.293 Hq 464.4 | 364.8 | 136.60 |107.28 [36.717 
4 260.3 | 204.4 | 76.563 | 60.132 | 27.489 $ 469.4 | 368.6 | 138.06 |108.43 |36.914 
16 264.1 | 207.4 | 77.660 | 60.994 | 27.685 oa} 474.4. | 372.6 | 139.54 |109.59 |37.110 
3 267.9 | 210.3. | 78.766 | 61.862 | 27.882 q 479.5 | 376.6 | 141.02 110.75 |37 306 
16 271.6 | 213.3 | 79.879 | 62.737 | 28.078 43 484.5 | 380.6 | 142.50j111.92 ]37.503 | 
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TABLE. J 


PROPERTIES OF CARNEGIE I BEAMS 


(1 Distance 
2 ge— AELo Maximum uae ibs 
8 > fo D Section} Bending Mo- Requnee 
& a H odu- | ment @ 16,000 | 49 Make 
4 5 a 6 i ad lus Lb. per Radii of 
o = B a 5 Sq, In. Gyration 
A rt = 5 4 I= Moment of r= Radius of Equal 
"3 oO 9g Inertia Gyration 
= se = <4 
Axis 1-1 | Axis 2-2] Axis 1-1| Axis 2~2| Axis 1-1 Axis 1-1 I I 
Ty I, ry Tg Si Mi 
Inches | Pounds | Inches?|} Inches | Inches] Inches* | Inches*! Inches | Inches | Inches?| Foot-Pounds Inches 
24 |115 | 34.00 | 0.750 | 8.000 | 2 955-5 | 83.23 | 9.33 | 1.57 | 246.4 | 328 000 18.39 
IIO 32.48 | 0.688 | 7.938 | 2 883.5 | 81.0 | 9.42 | 1.58 | 240.3 321 000 18.58 
105 30.98 |.0.625 | 7.875 | 2 811.5 | 78.9 | 9.53 | 1.60 | 234.3 312 000 18.78 
1Q0 29.41 | 0.754 | 7.254 | 2 380.3 | 48.56 | 9.00 | 1.28 | 198.4] 264 000 17.82 
95 27.94 | 0.692 | 7.192 | 2 309.6 | 47.10 | 9.09 | 1.30 | 192.5 257 000 17.99 
go 26.47 | 0.631 | 7.131 | 2 239.1 | 45.70] 9.20 | 1.31 | 186.6| 249 cco 18.21 
85 25.00 | 0.570 | 7.070 | 2 168.6 | 44.35 | 9.31 | 1.33 | 180.7 24I 000 18.43 
80 | 23.32 | 0.500 | 7.000 | 2 087.9 | 42.86 | 9.46 | 1.36 | 174.0] 232 000 18.72 
20 |100 | 29.41 | 0.884 | 7.284 | I 655.8 | 52.65 | 7.50 | 1.34 | 165.6 | 221 000 14.76 
95 27.94 | 0.810 | 7.210 | I 606.8 | 50.78} 7.58 | 1.35 | 160.7] 214 000 14.92 
go DOM TAOS TA Teas | E55 7:0 148.98 || -7-67 | 1-36) 1.15508 208 000 15.10 
85 252001101003 | 7.003) |) F 508.7 | 47.25 17-77. || 1.37 1 150-9 20I 000 15.30 
80 | 23.73 | 0.600 | 7.000 | I 466.5 | 45.81 | 7.86 | 1.39 | 146.7 196 000 15.47 
75 22.06 | 0.649 | 6.399 | I 268.9 | 30.25 | 7.58 | 1.17 | 126.9 169 000 14.98 
70 DOMSONO IG bul 0.425 4, 1219.9) |/20.04.| 770: ||| 1.19 4) 122.0 163 000 15.21 
65 19.08 | 0.500 | 6.250 | 1 169.6 | 27.86 | 7.83 | 1.21 | 117.0 156 000 15.47 
18 90 | 26.47 | 0.807 | 7.245 | I 260.3-| 52.00 | 6.90 | 1.40 | 140.0 187 000 13.6 T 
85 EOONNOL72 5 7 FOR et) 220.6) |'49.99) | 16.99) |) 1.4271) 13)5.0 18I 000 13.69 
80 23.53 | 0.644 | 7.082 | I 180.9 | 48.08 | 7.09 | 1.43 | 131.2 175 000 13.89 
75 22:06 0.502 | 7.000 | I IAE.3 | 46.23 |-'7.19 || 1.45 | 126.8 169 000 14.08 


70 20.59 | 0.719 | 6.259 921.3 | 24.62 | 6.69 | 1.09 | 102.4 136 000 13.20 
65 19.12 | 0.637 | 6.177 SSrace2s-47 a O79) Terh e O7.9 13I 000 13.40 
60 17.65 | 0.555 | 6.095 Syurils) sagas) || exon | imap | Oke 125 000 13.63 
55 15.93 | 0.460 | 6.000 75-00 | DLO) 7-074" Lets 88.4 118 000 13.95 


Hs) ia ko%e) 29.41 | 1.184 | 6.774 oR) || fokotsi || alseh ll) aisle ah wexont 160 000 10.75 
95 27.94 | 1.085 | 6.675 87220) 149.3740 5-59) | tea 2n |) VEO. 155 000 10.86 
go 26.47 | 0.987 | 6.577 SAg.4, | AsOr |) 5:65 | 1.32 | 112-7 150 000 10.99 
85 25.00 | 0.889 | 6.479 SI7.0) PABLh 7 5-72) £.32| LO9.0 145 000 5 1G} 
80 23-81 | 0.810 | 6.400 TOG m PALS TO eS ¢7.6) ie 2an EOOnd I4I 000 11.25 
75 22.06 | 0.882 | 6.292 691-2 | 30.68: 5.60 |" 1.08, | 92-2 123 000 10.95 
70 20.59 | 0.784 | 6.194 663.6 | 29.00] 5.68 | 1.19 ; 88.5 118 000 Tie T 
65 19.12 | 0.686 | 6.096 626.08 27242 5-77 i 20m OA.o 113 000 11.29 
60 17.67 | 0.590 | 6.000 6090) 25:96. 95.87 9) 120 81.2 I08 000 11.49 
55 16.18 | 0.656 | 5.746 Gimtey || aeAvoles |) Sey || seeclowd | Colsinit gI 000 11.05 
50 14.71 | 0.558 | 5.648 ASseAmslblOO4e|=5507.3.=| me 1eO4 me OAs 86 000 ie27 
45 13.24 | 0.460 | 5.550 455-8 | 15.00] 5.87 | 1.07 60.8 81 000 11.54 
42 12.48 | 0.410 | 5.500 Adda inlet 4,02 5.O5)¢ |) 1.08 58.9 79 000 11.70 


12 55 16.18 | 0.822 | 5.612 Bon -On We l'72A Glued Ab |e O45 | 25325 71 000 8.65 
50 14.71 |.0.699 | 5.489 BOss3 | 10.024) e4e54) ||) T.OSm|| 150.0 67 000 8.83 
45 13.24 | 0.576 | 5.366 285.7 | 14.89 | 4.65 | 1.06 | 47.6 63 000 9.06 
40 11.84 | 0.460 | 5.250 268%9 | 13.81 | 4.77 | 1.08 | 44.8 60 000 9.29 
35 10.29 | 0.436 | 5.086 22823) | 10,07) 4.71 doley || tere! 51 000 9.21 
31.5 | 9.26 | 0.350 | 5.000 eiGes: || oplxe) || Vigsey | ieys 36.0 48 000 9-45 
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TABLE 7.—Continued 


PROPERTIES OF CARNEGIE I BEAMS 


{1 Distance 
i 2 2 Maximum See Re 
a5 = o 9-— a 2 3 enter 
: e | a | Modu | mene @ 26,000 | RQ 
| b a 3 fe UL lus Lb. per Radii of 
ou er 4 2 &s Sq. In. Gyration 
A a a a I = Moment of r= Radius of Equal 
o © He) Inertia Gyration 
cs a 2 ] re ee 
Axis 1-1 |Axis 2-2| Axis 1-1' Axis 2-2] Axis 1-1 Axis 1-1 I I 
iy Ie 7 re Si Mi 
Inches Pounds | Inches? | Inches | Inches Inches* | Inches+| Inches | Inches | Inches | Foot-Pounds Inches 
10 40 11.76 | 0.749 | 5.099 158.7 | 9.50 | 3.67 Kovors|imney ty, 42 000 732 
35 10.29 | 0.602 | 4.952 146.4) | 082824103377. 91 | 29.3 39 000 Fo 
30 8.82 | 0.455 | 4.805 134 2al “7205 183.00 93.) 26:8 36 000 7.57 
25 7.37 | 0.310 | 4.660 122.1 | 6.89] 4.07 O7e  zAed 33 000 7.91 
9 35 10.29 | 0.732 | 4.772 TI1.8),|, 723 %s||" 3.29 84 | 24.8 33 000 6.36 
30 8.82 | 0.569 | 4.609 I0I.9 | 6.42 | 3.40 Relapse CASS 30 000 6.58 
25 7.35 | 0.406 | 4.446 91.9 | 5.65 | 3-54 88 | 20.4 27 000 6.86 
21 6.31 | 0.290 | 4.330 84.00 516s S267 90 | 18.9 25 000 7.12 
8 DoS ecZo5Ou|| OsS4rsl 4.2571 68.4 | 4.75 | 3.02 Oh (E70 23 000 5.820 
23 6.76 | 0.449 | 4.179 64.5 | 4.39 | 3.09 81 16.1 21 000 5-96 
20.5 | 6.03 | 0.357 | 4.087 60:65 9, 4.077 \9 4207. 82 Igcr 20 000 6.12 
18 5.33 | 0.270 | 4.000 FOO) ese ouleseey, 84 | 14.2 19 000 6.32 
7 20 5.88 | 0.458 | 3.868 42.2 | 3.24} 2.68 7h |e aad 16 000 sine 
U7 Seg akSy O1353.| 32703 39.2 2.04 276 76 11.2 I5 000 Rage 
15 4.42 | 0.250 | 3.660 36.2) -2.67>| 2.86 78> | tOs4: 14 000 5-50 
6 T7225 8.07 10.475] 3.575 ASR | EAS || 3037) .68 8.7 II 600 4.33 
14.75| 4.34 | 0.352 | 3.452 DA-OW |) 2309) | 52335 69 8.0 IO 700 4.49 
12.25| 3.61 | 0.230 | 3.330 21.8 | 1.85 | 2.46 ye 733 9g 700 4.70 
5 14.75] 4.34 | 0.504 | 3.294 15.20 eel. 70 etc 7, 63 6.1 8 100 
12.25] 3.60 | 0.357 | 3.147 13.6 T.45 |~2-94 63 inant 7 300 
9.75| 2.87 | 0.210 | 3.000 12 Souls 20 |e 2eOG 65 4.8 6 400 
4 10.5 | 3.09 | 0.410 | 2.880 7.1 TOL) | ales a7 3.6 4 800 
9.5 | 2.79 | 0.337 | 2.807 6.7 roy alalss 58 3.4 4 500 
Sill 235O) 122034011 2.734 6.4 85 | 1.59 58 352 4 200 
7-5 | 2.21 | 0.190 | 2.660 6.0 77 | 1.64 | 59 3.0 4 000 
7G al e220 O:2O0 Des or 2.9 60 | I.15 52 1.9 2 600 
3 6.5 | 1.91 | 0.263 | 2.423 Dr) 52 le talO B52 1.8 2 400 
Bab ua| ks OS) 1Onk7On|.2.330 2.5 AG | Ie23 “53 1.7 2 200 
SUPPLEMENTARY BEAMS 
mae 83 24.41 | 0.424 | 7.500 | 2888.6 | 53.1 | 10.88 | 1.47 | 214.0] 285 300 21.56 
24 69.5 | 20.44 0.390 | 7.000 | 1928.0 | 39.3 | 9.71 | 1.39 | 160.7) 214 220 19.22 
21 C75 ul etO765)| 0:35 '7\'0.500) 1..1227,6 28.4 | 8.54 | 1.30 | 116.9 155 880 16,87 
18.) |) 46:0) | 13.53: 0.322: 16.000.) | 73312 || <19:0)|) 7386 |e u.2 Ean 108 620 14.52 
15 36.0 | 10.63 | 0.289 | 5.500 405.1 1355, |) GsL7 | Lokse sac 72 020 12.14 
12 2705 8.04 | 0.255 | 5.000 199.6 8:7) | 4:98 |) 1.0419 3353 44 350 9.74. 
10 22.0 | 6.52] 0.232 | 4.670 113.9 6.4 | 4.18 | 0.99 | 22.8 30 370 8.12 
8 175m be sol 54| 0.2001 (4.380 58.3 4.5 | 3.37 | 0.939 bet46 19 450 6.48 


TABLE 8 
ELEMENTS OF CARNEGIE I BEAMS 
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TABLE 8.—Continued 
ELEMENTS OF CARNEGIE I BEAMS 


Flange 


Bending 
Moment 
Maximum 
Rivet in 
Flange 


Pounds | Inches | Inches Inches | Inches f Ss Inches | Inches | Inches | Inches 
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TABLE 9 


DIMENSIONS AND ELEMENTS OF STANDARD CARNEGIE I BEAMS 


le 


ny 
SLOPE OF FLANGES 4:6 


Thick- Axis 1-1 Axis 2-2 
So Fem taacernt oes Raditisi. 2 tas) Se ees eee ok | 


i Web, n r 
Section ie : Ty-1 S1-1 Yi-1 Is-2 S2-2 


Sq. In. Inches | Inches | Inches | Inches | Inches‘ |Inches* | Inches | Inches‘ | Inches? 


30.98 0.625 | 1.404 | 0.800 | 0.60 STis5! 234-3 1 O53 75.9 
26.47 0.631 | 1.142 | 0.600 | 0.60 238.4 | 186.5 | 9.20 | 45.7 
23.32 0.500 | 1.142 | 0.600 | 0.60 087.2 | 173.9 | 9.46 | 42.9 
23.73 0.600 | 1.183 | 0.650 | 0.70 466.3 | 146.6 | 7.86 
19.08 0.500 | 1.029 | 0.550 | 0.60 169:5 | 11'7.0°) 7.83 
22.05 0.562 | I.195 | 0.659 | 0.66 141.3 | 126.8 | 7.19 
17.65 0.555 | 0.922 | 0.460 | 0.56 841.8] 93.5 | 6.91 
15.93 0.460 | 0.922 | 0.460 | 0.56 7O5 <5 | Oo-47 7.07, 
17.67 | 6. 0.590 | 1.041 | 0.590 | 0.69 609.0] 81.2 | 5.87 
14.71 0.558 | 0.834 | 0.410 | 0.51 A83-40) NOASR U5. 73 
12.48 0.410 | 0.834 | 0.410 | 0.51 ; 58.9 | 5.95 
11.84 0.460 | 0.859 | 0.460 | 0.56 : 44.8 | 4.77 
9.26 0.350 | 0.738 | 0.350 | 0.45 F 36.0 | 4.83 
8.82 0.455 | 0.673 | 0.310 | 0.41 5 26.8 | 3.90 
Civ 0.310 | 0.673 | 0.310 | 0.41 -I |) 24.4 | 4.07 
6.31 0.290 | 0.627 | 0.290 | 0.39 : 18.9 | 3.67 
B33 0.270 | 0.581 | 0.270 | 0.37 ; TAs 3627 
3.61 0.230 | 0.488 | 0.230 | 0.33 : FERN 2A 


HR HYWWWUUM ONNwW 
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TABLE 10 


DIMENSIONS AND ELEMENTS OF SUPPLEMENTARY CARNEGIE I BEAMS 


SLOPE OF FLANGES 1:6 


Dimensions for Double Axis 2-2 


Width of 
Flange, 
b 
Thickness 
of Web, 
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TABLE 11. 
Wes RESISTANCES FOR J—BEAMS. 


CARNEGIE J-BEAMs, FROM CARNEGIE’S POCKET COMPANION. * 


i Min. End 
Depth |Weight | Allowable | Allowable a ee Depth |Weight | Allowable | Allowable | Enq | Reac- 
of per Web Buckling | Bear- | tion of per Web Buckling | Bear- | tion 
Beam. | Foot. | Shear. | Resistance. “ing. |a—3}/.| Beam.| Foot. | Shear. |Resistance.) jing, |a=3}”. 
ik 
Inches. |Pounds.| Pounds. ree eer Inches.|Pounds.] Inches./Pounds.| Pounds. eee. oe Inches.| Pounds. 
27 83.0 114480 7970 27.1 | 34650 55.0 98520 16470 4.3 87890 
50.0 83880 16030 4.5 72830 
II5.0 180000 13460 11.8 95880 45-0 69120 15390 4.8 57620 
110.0 165120 12960 12.5 84690 12 40.0 55200 14480 5.3 43300 
105.0 150000 12350 13.4 73320 35.0 52320 14230 5.4 40330 
100.0 180960 I3490 11.8 96620 31.5 42000 13060 6.2 29710 
24 95.0 166320 13000 12.5 85610 27.5 30600 10850 8.1 17990 
90.0 I51440 I2410 13.3 74410 16690 ; (op te) 
85.0 136800 II71I0O 14.5 63410 aus eee axed ae veoae 
80.0 120000 106090 16.5 50780 to 30.0 45500 I5190 4.1 41470 
69.5 93600 8340 22.8 30910 25.0 31000 13410 5.0 24940 
2 57-5 74970 8820 18.6 | 27540 22.0 23200 oe 6.2 16060 
.0 65880 16870 Sr 7IOIO 
100.0 176800 15080 8.3 |113320 es ae 16260 ie 53200 
95.0 162000 14720 8.6 |101370 2 Bao 36540 15160 3.7 35300 
90.0 147400 14300 9.0 89590 21.0 26100 13620 4.4 22710 
85.0 132600 13780 9.5 | 77630 : 
20 80.0 | 120000 13230 10.1 | 67460 25.5 43280 16440 2.9 | 48920 
75.0 129800 13660 0.6 75380 23.0 35920 I5910 3.0 39290 
70.0 115000 12980 10.4 | 63420 8 i: a bs ie ce a 
65.0 ee 12080 11.6 §1320 17.5 T6800 12400 4.5 14320 
90.0 145260 I5140 7.4 97730 20.0 2060 16350 2.5 39310 
85.0 130500 I4700 7.7 | 85260 7 17.5 Dre 15570 2.7 28850 
80.0 II5920 14160 8.2 | 72940 15.0 17500 I4150 3.2 18580 
75.0 IOI160 13450 8.9 | 60480 
18 70.0 129420 14670 7.8 | 84350 17.25 28500 16810 2.1 30930. 
65.0 114660 T4IIO 8.3 71800 6 14.75 21120 - 16050 2.2 28250 
60.0 99900 13380 9.0 50420 12.25 13800 14480 2.6 16650 
55.0 82800 12220 10.2 44980 17.0 19000 16720 R7 30180 
46. 57960 9320 14.8 24020 5 14.75 25200 Se 1.6 a 
ss 850 16580 1.8 28120 
7350 132300 16050 6 |102660 soe mee 
70.0 I17600 ee a 89160 9-75 O500 gaze ee E4830 
65.0 102900 15210 6.1 | 75650 10.5 16400 T7310 I-3 31940: 
60.0 88500 14600 6.5 | 62440 4 9.5 13480 16940 1.4 | 25690 
15 55.0 98400 15040 6.2 71530 8.5 10520 16360 1.4 19360 
50.0 83700 14340 6.7. | 58020 7-5 7600 15360 1.6 13130 
45.0 69000 13350 7.5 44520 7.5 10830 17560 1.0 26940 
42.0 61500 - 12670 8.1 37660 3 6.5 7890 17020 1.0 19020 
36.0 43350 10010 II.2 20070 5.5 5100 15950 ce I1530 


For explanation of above table see footnote Table 16. 


CamMBRiA I-BEAMS UNIFORMLY LOADED, From CAMBRIA’S HANDBOOK. 


ire! Bethan : Pe Hs é : Oe a 2s ,, : : 
qa |e 2AS| Aaa! B =e 244] Aa A = 3 203] 2a 
In. |) Lb: Ib. A asa ee Bo Lb. Lb. By LD. Lb. Lb. Ft. Lb. 
3 5.5 | £0900. | 1.7 8 18 36310] 4.2 I2 50 176250] 3.2 18 55 I09040| 8.8 
6.5 | 17790 | 1.1 20.25 53560 | 3.1 55 | 213760] 2.8 9 155580] 6.6 
bieist 4\ eras) Ke) 22.75 72760| 2.4 5 194040] 5.5 
25.2 ; 15 42 86530| 7.3 
4 7:5) Ip L530) | 260 nape ips ahsizoeal Ea 45 |106100] 6.2 TO oo ae 
8.5 | 22670 | 1.6 Ot ar 42450| 4.8 50 |146260| 4.8 20 65 |129150|] 9.6 
9.5 | 30820 | 1.2 25 71530| 3.1 55 |186740] 4.0 70 |169980}] 7.3 
10.5 | 37820 | 1.1 30 noose oe 60 | 222070] 3.6 75 |206910| 6.7 
5 | 9.75] 20050 | 2.6 35 140070} 1.9 
I 60 60 Z 8271 5 
12.25] 390730 | I.5 Io | 25 48960] 5.4 5 65 Fat ae ace se 
PASO) 7 400) | ietie2 30 86630 | 3.4 70 | 237380) 4.1 257610| 6.6 
6 |12.25) 25130 | 3.1 35° | 126460} 2.6 75 |276900| 3.7 295400| 6.0 
14.75] 44320 | 2.0 a0 165320 | 2.2 80 | 316160] 3.4 333150] 5.5 
17.25| 62890 1.6 I2 31.5 62890 | 6.2 15 80 | 247900! 4.6 127540 | 14.7 
“hogs 30510 | 3.7 35 91730) 4.5 85 | 287290| 4.2 166820 | 11.8 
17.5 | 49320 | 2.5 ae) 130540 | 3.5 90 | 322350| 3.0 202450 | 10.1 
20 69540 | 1.9 12 40 99380 | 4.9 95 361780| 3.6 230330| 8.8 
45 138110] 3.8 100 399220] 3.4 277070] 7.9 
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TABLE 12 
SAFE Loaps, IN TONS, AND DEFLECTIONS, CARNEGIE I BEAMS 
AMERICAN BRIDGE COMPANY STANDARDS 
. 


Weight LENGTH OF SPAN IN FEET 
per Foot, 


Pounds | ro Ir Te Gh TOs 27 


hase 


The figures give the safe uniform load in tons, based on extreme fiber stress of 16,000 lb., or 
the end reactions from safe uniform load in thousands of pounds. 

For load concentrated at center, use one-half of figures given for allowable load and four-fifths 
values given for deflection. 

Figures for deflections are given in inches. 

For figures at right of heavy zigzag lines, deflections are considered excessive for plastered 
ceilings. 
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TABLE -12.—Continued. 


SarE LoabDs, IN TONS, AND DEFLECTIONS, CARNEGIE I BEAMS. 
AMERICAN BRIDGE COMPANY STANDARDS. 


LENGTH oF SPAN“IN FEET. 
4 5 6 7 8 9 10 II 12 13 TA F5.-| 16) 7 |exS. 120. |-22hieew 
40 34.128 | 24S er) ORE 1S 1A rae 52 eh tos OeAOahal fea 7ae 
35. 31 |, 26 | 22°) 20°) 17>) 16 | 14 1913.) 121, 21 | 10}9:819:21/8-7-|7-8.17-nO.s 
10” 30. 29 | 24 | 20 | 18 | 16 | 14 | 13 | 12] 11 | IO |9.5 |8.9|8.4 |8.Q]7.2 |6.5 |6.0 
Disk Se 205192201 HO “16 |-14 | 13} 12-| 1b) to |-9.3.48.7 8.1 17.7 |7-2 16-5 |5-9 [5-4 
Def. _|....| 04 |.06 | .o8 | 17 | 13 |.17 | .20 |.24 | .28 | .32_|.37|.42 |.48 |.54 1.06 |.60|.05, 
ics ee e277 22h O) [ot7 |) ckS G[o0Z | 12 ITD yO: |/925018.8 |S.gil72 Sal 4al sO Oxoligas 
30. 2451 20 | ¥7 )ir5 | 13 | 12. | TE) 10.19.31) 8.6°18.7 17.5 )\7| 6t7416.0115 501 52O 
oy aise 22 | 18 | 16 | 14 | 12 | 11 | 9.9 | 9.1 | 8.4 | 7.8 |7.3 |6.8 [6.4 |6.1 |5-4 |5-0 14.5 
at._|..-.| 20 | 17 | 14 | 13 | t4 | 10 | 9.2 | 8.4 | 7-7 |.7.2 | 6.7/6.3 |5.9 [5.6 5.0/4.6 |4.2 
Defra cO5 WOT NOON) 2 |\205 | OFS. (22 N27 alarm amelie 153 4:00 |-74|-89 JLT 
25.5 18 | 15 | 13 | 11} 10] 9.1 |8.3 | 7-6| 7.0 |-6.5 [o-1 [5.715.415.4146 |4.2113,8 
, 235 17 | 14 | 12 | 11 | 9.6|8.61] 7.8 | 7.2 | 6.6 | 6.1 15.7 [5.4 |5.1 14.8 [4.3 |3-9 13-6 
8 20.5 TG [S13 212 |< FOs 9.0 8.1 | 7.3") 6.74] 6.2: | 5.8. | Segtlget de (Aaa Oneal aed 
18. _-+-| 15 |_13 | 11 | 9.5 | 8.4 | 7.6 | 6.9 | 6.3 | 5.8 | 5-4 |5.1 |4.7 4.5 |4-2 |3-8 |3-4 [3-2 
Def Vere |05 07 70 |.13 | 217 27 | 525 |%30 1a 35 bat 7 +53 |.00 |.67 |.83 |z.0 |r.2 
20. 13 | I1 | 9.2 | 8.0] 7.1 | 6.4] 5.8 | 5-4 | 4-9 | 4.6 14.3 |4.0 |3.8 |3.6 13.2 |2.9 |2.7 
ie 17.5 12 |-10 |.8.5 | 7.5.| 6.6} 6.0 | 5.4.) 5-0:1-4.6 | 4:3 14.0327 13.5 13.3)13.0)12.7 205 
Bhs Blea TE | 9:2 17-91 6.9 16.1 | 5-5 | 5-0.) 4-6 4-94) 5-919-715°5 103 |e 
Det 206 | 09 | .12 | 15 | 19 | .24 | 20 ) 34 | 40 |"=40 |.53 |,0r |.06 |.77|050-E Ee 
L725 a2 19:3 1768") 6:6. | 5:8 9/'5.2°1-A7 | geo NB -O8/13-6 le3egalaen |anoae7 |e : 
6" We 5o |RLO | Sea 7-0 06.0 | 5.3 14.7 194.3 193.9 | 3-On193-8 1e6,Onla-on2eollaus 
12.25. | 9:7 | 7.8 | 6.5 | 5.5 | 4.8 | 4.3 | 3.9 | 3-5 | 3-2 13-0 [2.8 |2.6 2.4/2.3]... | has 
Def._| 04 | .07 | 10 | .14 | 18) .22 | 28 | .33 | 40) 47 | 54 |.62|.77 80)... 2)... 
WAL 7S ARO} cOaS 105421104201 4-0 | 3.0: ]igraul2 9 i 2e7ele2.G 218, 2 -2si2 Ole 
pe E222, 7315.8: 12A289|452-| 3.6|-3.2:]| 2.9) |-220 |-2-4° | 2.2, | 2 ate Oy GeOu hme 
9-75 | 6.5 | 5.2 | 4.3 | 3-7 | 3.2 | 2.9 | 2.6 | 2.3 | 2.2 | 2.0 | 1.8 |1.7 |1.6] 1.5 |... 
Def. | 305 |..08 | 22 | 16 |\.20 | 27 |'.33 | -40 | 49.) 50 | 054.74 C5100 ie sone 
LOPS OnRanoali see ee2e7. laze eekelemoulan.7 | e0.6, Seals 
OES Mes abaleg Oy] 32011120) || 223) 2 OTS ilieTeOseL.5 
SHS meu Soa AM be. Cole 2.4 lez il eO) Watney eters nl elo: 
Aus 55 el AOA 2527 152.3 N20 NS | f-6) EA eo nie faces |aoia 
Def._| 07 |'-40 | 15 1.20 | .26 | .33 | 41 | 50 | 00 |...) Juste | fe 
Panie |bovOali2ete |e eles) eles [e024 |01-Ol]=-Q4al come 
Cre ara ae to) ATO ele4 0.2. (PT) 9649.87 SO 
Bh Beg] 22) 18 | 5 | 0-3. TTL 98 | 288 | 80) 223s es) Se ee ee 
Def. | .09 | .14| .20 | .27 | .35 | .45 | 55 | 67 | do 


The figures give the safe uniform load in tons, based on extreme fibre stress of 16,000 lb., or 
the end reactions from safe uniform load in thousands of pounds. 

For load concentrated at center, use one-half of figures given for safe loads and four-fifths of 
the values given for deflections. Figures for deflections are given in inches. 
For figures at right of heavy zigzag lines, deflections are excessive for plastered ceilings. 


TABLE 12a. 
PERCENT OF TABULAR SAFE LOADS FOR BEAMS AND CHANNELS WITHOUT LATERAL SUPPORT. 


Ratio of Span, or Distance Between Lateral Supports, to Flange Width. 


Authority. 
Io 15 | 20 25 390 35 40 45 50 | 55 | 60 65 | 70 | 75 | 80 | 85 | 90} 95 |100 


Cambria | 100 | 100 | 99 | 93 | 87 | 80 | 73 | 67 | 6r156| 511471 43 139 36 | 33 130 28 | 26 


Am. B. Co. | 100 | 91 | 81 | 72 | 63 | 53 | 44 |Ratios above not allowed by American Bridge Co. 


The tabular safe loads should be reduced in accordance with the ratios given in the above table 
inorder to insure that the stresses in the compression flanges should not exceed the allowed unit stress. 


TABLE 13. 


SAFE LOADS, IN TONS, AND DEFLECTIONS, SUPPLEMENTARY I-BEAMS. 


Size. | Weight. Span in Feet, Safe Uniform Load in Tons, and Deflection in Inches. 


Span} 10 | 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 20 | 22 24, 12200828) 1530 


ihe 83.0 Load |114 |104 | 95 | 88 | 81 | 76 | 71 | 67 | 63 | 57 


ae Scr esa see aca 52 | 47 | 44 | 40 | 38 

ee Def. |.06 |.08 |.09 |.40 |.12 |.14 | .16 ia ree atin: bie teats 
Span ee jog (eel Ya og area 16 | 17 geared ho Oy Ab 

24 69.5 Load | 86 78 | 71 Wes 57 | 53 | 50 47 | 43 39 “35 | 33 | 30 | 28. 
wl Def. 02 o§ |.r0 | .12 | .14 eelean 20 Pe anes 
Span eee td a | aig: ng tet| 464 ryote acco baal on leeaileoee 

21 57.5 Load | 69° 62 | 56 | 52 | 48 a4 | ar | 39 | 36 34 “31 | 28 | 26 | 24 | 22 

are ee 


Bly nies |) 2x) |e) || cas eee | AG laser || oe 


TOM IT Yate | 13 I aa 


28 i 

$4 48 RE BO | | git a 27 | 25 | 24 | 22 | 20 | 18 | 16 
Geers ota tee 
oy eae 


18 46.0 Load 


LOOM CLT Nets y| On| Lom ier ieee 


15 ! 36.0 Load 


12 27.5 | Load 


SUP eOMle LON} hia Tse TTA USS eTO er aon Zon toe 


10 22.0 Load | 20 DSMatgaet2s eT L | TONO.3 ulh.7 Wvosrele Zon |-7ue Oba Orne | Rent 


Def. 


07 

7 

oe 

.07 | -09 | 11 14 | 47 {20 U3) 27.91 3 Ge ean eon ean nga le Or 
i 

a7 


LOS Weta TF 27 20) |\.24) 226 x32 Nes 742) 245. |e 54000 | 00 


—— ——S=S|—|« ———_ — | 


06 
| Soa 8 i Gl | Bs leo eiden sere pedal Siri hl es oid twee | 1g) Ate 
8 17.5 Hoad is sjersai £D W19:77 18-6 |'7.8 | 7.1 *|6.4) |'6.0°) 52575-2148. 4.6) W423) 132.0 


Def. \.05 |.07 | 40 | .13 |.17 |.2r | .25 |.30 | .35 | -40 | .46 | .53 |.60 | .67 | .83 


The figures give the safe uniform load in tons, based on extreme fiber-stress of 16,000 lb.; 


or the end reactions from safe uniform load in thousands of pounds. 
For load concentrated at center, use one half of figures given for allowable load and four- 


fifths values given for deflection. 
Figures for deflection are in inches. 
For figures to right of heavy zigzag lines, deflections are considered excessive for plastered 


ceilings. 


31 


TABLE 14 
PROPERTIES OF CARNEGIE CHANNELS 


Distance 
Dis- i Back to 


tance i Back Re- 
Section] from quired 


Modu- | Center : to Make 
lus ; ; Radii of 

rt = Radius of pains Gyration 

of Inertia Gyration : : Equal 


Weight per Foot 
Thickness of Web 
Width of Flange 


lh In t1 r2 Si 


Axis1—1}Axis2—2|Axis 1-1] Axis 2—-2| Axis 1-1 i it 


Inches | Pounds| Inches?| Inches | Inches | Inches‘ | Inches‘| Inches | Inches | Inches} Inches Lb. Inches |} 


js feisty 16.18 | 0.818 | 3.818 | 430.2 | 12.19 | 5. 868 | 57.4 | .823 8.53 
50 EACTE |1077201473-7201)|' 402.7, 51.2201) 5. 873 : 803 
45 13.24 |,0.622,| 3.622 | (375-1 -|-10.29.| 5: 882 : -788 
40 11.76 | 0.524 | 3-524 | 347.5 | 9.39] 5- 893 3 | -783 
35 10.29 | 0.426.| 3.426 | 320.0] 8.48] 5. -908 ; -789 
33 9.90 | 0.400 | 3.400 | 312.6] 8.23] 5. O12 ; 794. 
40 11.76 | 0.758 | 3.418 | 197.0 | 6.63 : apis : 722 
35 10.29 | 0.636 | 3.296 | 179.3 | 5.90 
30 8252) 80-513") 3.173 |; LOLe7 || 25-25 
25 ‘ 0.390 | 3.050] 144.0] 4.53 
20.5 : 0.280 | 2.940 | 128.1] 3.91 
35 : 0.823 | 3-183 | 115.5 | 4.66 
30 ; 0.676 | 3.036 | 103.2.| 3.90 
25 : 0.529 | 2.889 | 91.0} 3.40 

: 0:382 | 2:742\| 78.7 
0.240 | 2.600 | 66.9 


0.615 | 2.815 | 70.7 
0.452 | 2.652 | 60.8 
0.288 | 2.488 | 50.9 
0.230 | 2.430 | 47.3 
0.582 | 2.622 | 47.8 
0.490 | 2.530 | 43.8 
0.399 | 2-439 | 39.9 
0.307 | 2.347 ‘ 
0.220 | 2.260 


0.633 | 2.513 
0.528 | 2.408 
0.423 | 2.303 
0.318 | 2.198 
0.210 | 2.090 


0.563 | 2.283 
0.440 | 2.160 
0.318 | 2.038 
0.200 | 1.920 


0.477 | 2.037 
0.330 | 1.890 
0.190 | 1.750 


325s has 
0.252 | 1.652 
0.180 | 1.580 


0.362 | 1.602 
0.264 | 1.504 
0.170 | 1.410 
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TABLE 15 
ELEMENTS OF CARNEGIE CHANNELS 
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TABLE 16. 
WEB RESISTANCES FOR CHANNELS. 


CARNEGIE CHANNELS, FROM CARNEGIE’S POCKET COMPANION. 


D. : in. | End 
eas Weight | Allowable | Allowable ee Ree ie Weight | Allowable | Allowable Reac- 


hane |) pes Web Buckling = ; Ware ||) Deb Web Buckling tion 
Oe Foot. Shear. | Resistance. ae Meer gore Foot. Shear. |Resistance.| j; aaa 


Sao SUG ay erate th eu ka | 
Inches. |Pounds.| Pounds. W Agrees Inches. |Pounds.| Inches.|}Pounds.| Pounds. nee Sa in. -|Pounds. 


53200 
43580 
34070 
24460 
15370 


93830 PAS 46560 16620 
80350 18.75 39200 16170 
66840 16.25 31920 15530 
53350 13.75 24560 14490 
39850 II.25 17600 12700 
36270 


55.0 122700 15820 
50.0 108000 15390 
45.0 93300 14820 
40.0 78600 14040 
35.0 63900 12900 
33.0 60000 12510 


OI AAN 
NOUR ON 


56780 
46300 
35830 
25360 
14580 


19.75 44310 17090 
86250 17.25 36960 16700 
717600 14.75 29010 16130 
57260 12.25 22260 I5190 
48540 9.75 14700 13230 
42770 
32900 I5.5 33780 I71I50 
13.0 26400 16640 
80090 10.5 19080 15730 
65040 8.0 12000 13810 
49850 
34660 I 
21060 


50.0 102830 I61I50 
45.0 88140 15680 
40.0 73450 15020 
37.0 64610 14470 
35.0 58760 14020 
32.0 48750 13000 


WNHNNHND BOWNHND 


DWH NHODKH WAKO 


MONKS 


48280 
36610 
25010 
13810 


40.0 90960 16260 
35.0 76320 15730 
30.0 61560 14950 
25.0 46800 13670 
20.5 33600 II570 


NHONN 


389020 
256070 
13040 


23850 17180 
16500 16380 
9500 14450 


HH 
NON 


Aon 
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35.0 82300 16900 
30.0 67600 16440 
25.0 52900 15730 
20.0 38200 - 14470 
15.0 24000 11780 


83430 
66670 
49910 
33160 
16970 


24670 
18430 
12270 


13000 16870 
10080 16250 
7200 I5150 
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bbb 
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10860 17560 
7920 17030 
5100 I5940 


27020 
IQIIO 
11520 


25.0 55350 16470 
20.0 40680 15550 
I5.0 25920 I3590 
13.25 20700 12220 
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58220 
40420 
22500 
I61I70 
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Safe end reaction R= f, X t(a + d/4), Safe interior load P = 2f, X t(at + d/4). 

In these formulas R is the end reaction, P the concentrated load, ¢ the web thickness, d the depth of the beam, 
a' half the distance over which the concentrated load is applied and a the whole distance over which the end reaction 
is applied, while f, is the safe resistance of the web to buckling in pounds per square inch by the formula 19000 
— 100d/2r (d/2=Jin column formula). 

The tables give for beams with unsupported webs: ‘ 

I. The allowable shear V, on the gross area of beam or channel eee at 10,000 pounds per Square inch. 

2. Allowable buckling resistance f,, in pounds per square inch computed from this compression formula. 

3. The distance a, or the distance over which the end reaction must be distributed when the shearing stress, 
V, in the web is the maximum allowable of 10,000 pounds per square inch. 

4. The allowable end reaction (R) when a is taken at 3}’” which is the usual length of beam actually resting 
on the 4” angles ordinarily used in building construction for beam seats. 


CAMBRIA CHANNELS, UNIFORMLY LOADED, FROM CAMBRIA HAND BOOK. 
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TABLE 17 
SAFE Loaps, IN TONS, AND DEFLECTIONS, CARNEGIE CHANNELS 
AMERICAN BRIDGE COMPANY STANDARDS 


Weight 
per 
Foot, 
Pounds 13 18 
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The figures give the safe uniform load in tons, based on extreme fiber stress of 16,000 Ib., or 
the end reactions from safe uniform load in thousands of pounds. 

For load concentrated at center, use one-half of figures given for safe loads and four-fifths of 
the values given for deflections. 

Figures for deflections are given in inches. 

For figures at right of heavy zigzag lines, deflections are considered excessive for plastered 
ceilings. 
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2 TABLE 17.—Continued 
SaFE Loaps, IN TONS, AND DEFLECTIONS, CARNEGIE CHANNELS 
AMERICAN BRIDGE COMPANY STANDARDS 


Weight LENGTH OF SPAN IN FEET 
per 


Foot, 
Pounds 
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2135 
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The figures give the safe uniform load in tons, based on extreme fiber stress of 16,000 lb., or 
the end reactions from safe uniform load in thousands of pounds. 

For load concentrated at center, use one-half of figures given for safe loads and four-fifths of 
the values given for deflections. 

Figures for deflections are given in inches. 

For figures at right of heavy zigzag lines, deflections are considered excessive for plastered 
ceilings. : 
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TABLE. 18. 


SAFE Loaps, IN Tons, AND DEFLECTIONS, CARNEGIE CHANNELS LAID FLAT. 
AMERICAN BripGe CoMPANy STANDARDS. 


LENGTH OF SPAN IN FEET. 
tesa 
Goo erase 4 0 A.3. | 3-0) | 3.0. 27 ae4) 
50. 6.8 | 5.4] 4.1 | 3.4 | 2.9 | 2.6 | 2.3 
45. 6:47|'14-85| 3:9 | 3.2 | 2.8 | 2.4;) 2.1 gl! 
40. GeOn ae 5ul 4.05) 4-0" |e 206 2.241 2-0 
35. Bef ass seh 2m 2o4 ti 2.04 7.0) 
23. BOA 2 eSe4ulu2-Su|p2s4 | 221-1 1.0 
Depew OS 205 06 || 72 | er6-|.27 \.26 
40. APAMING GeeosOule 2.20.1. NT .One 1.6 
age On ScOaiee Aae2tOnl Tey ten cr nn.3 9 
paso a7) 2-6 | 22) 028 | 2.6 1.4 11:2) || 7 
12 25 RGF || SEN PA od i is Nas a0 ex 
ZO ES EEN LeS. E-Ond.S | 1-30 (ed. 2°) FO 
Def. | .03 | .06 | .o9 | .r4 | .18 | .24 | .30 
Bn Besa Zs5aie2-O2|ek.0 | F-4 | 1-2"). 427 
30. QEGa ee oal Taga Neds (Ts2 | Tad, | F50 |) 6i/ 
pe 25< 27a 2-0. 0-04) E30 F1|, ¥.0:1..89 
10 AS PA seteOn Led, [als2el 1-0) .89 1379 
15. Ze. Soph. 2 Wet On!, 69! «70 b <O9 I 
Def OFN FOG OT: | 05.27 27 | -34 
one 2.4.) 1-8 | 14 | 1.2 | 1.0 | .90 | .80 5” 
20. QT aerOnlet-3))|)T-0.|..90.) 79) | -70 
g” | 15. T.Oaae=4 | FE \\0-90,|.-78 |..68"|| OL 
Teo SuleLegaliksS 71,140) |". OO4l,-74. | 05 | 357 
208 |). 


The figures give the safe uniform load in tons, based on extreme fiber stress of 16,000 Ib., or 
the end reactions from safe uniform load in thousands of pounds. 

For load concentrated at center, use one-half of figures given for safe loads and four-fifths of 
the values given for deflections. Figures for deflections are given in inches. 
For figures at right of heavy zigzag lines, deflections are excessive for plastered ceilings. 


TABLE 18a. 
COEFFICIENTS OF DEFLECTION, UNIFORMLY DISTRIBUTED LOADS. 
For Concentrated Load at center use four-fifths the tabular coefficient. 


Fiber Stress, Pounds 
per Square Inch. 


Fiber Stress, Pounds per 


Fiber Stress, Pounds 
Square Inch. 


Span, per Square Inch. 
Feet. 


16000 | I4000 | 12500 


16 4.237 | 3-708] 3.310 
17 4.783 | 4.186 | 3.737 
18 5.363 | 4.692] 4.190 
19 5-975| 5.228] 4.668 
20 6.621 | 5.793] 5.172 
21 7.299| 6.387] 5.703 
22 8.011] 7.010] 6.259 
1.059 | 0.927 | 0.828 23 8.756] 7.661] 6.841 
12340) |) 1.173 | 1:047 24 9-534| 8.342] 7.448 
10 1.655 | 1.448 | 1.293 25 10.345 | 9.052] 8.082 
II ZOCOR I. 752 | 1505 26 11.189] 9.790] 8.741 
12 2.383 | 2.086 | 1.862 27 12.066 |10.558 | 9.427 
13 2.797 | 2.448 | 2.185 28 12.977 |11.354 |10.138 
14 3.244 | 2.839 | 2.534 29 13.920 |12.180 | 10.875 
15 3.724 | 3.259 | 2.909 30 14.897 |13.034 |11.638 


16000 14000 12500 


31 15.906 | 13.918 | 12.427 
32 16.949 | 14.830 | 13.241 
33 18.025 | 15.772 | 14.082 
34 | 19.134 | 16.742 | 14.948 
35 20.276 | 17.741 | 15.841 
36 21.451 | 18.770 | 16.759 
37 22.659 | 19.827 | 17.703 
38 23.901 | 20.913 | 18.672 
39 25.175 | 22.028 | 19.668 
40 26.483 | 23.172 | 20.690 
41 27.824 | 24.346 | 21.737 
42 29.197 | 25.548 | 22.810 
43 30.603 | 26.779 | 23.909 
44 31.954 | 28.039 | 25.034 
45 33-517 | 29.328 | 26.185 


16000 | 14000 | 12500 


0.017 | 0.014 | 0.013 
0.066 | 0.058 | 0.052 
0.149 | 0.130 | 0.116 
0.265 | 0.232 | 0.207 
0.414 | 0.362 | 0.323 
0.596 | 0.521 | 0.466 
0.811 | 0.710 | 0.634. 


O ON AMAYW DH 


-'To find the deflection in inches of a section symmetrical about the neutral axis, such as beams, 
channels, zees, etc., divide the coefficient in the table corresponding to given span and fiber stress 
by the depth of the section in inches. For unsymmetrical sections, such as angles and channels 
laid flat, divide the coefficient by twice the distance from neutral axis to most extreme fiber. 
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TABLE, 19. 


Moments oF INERTIA OF Two CHANNELS, BotH AXEs. 
FLANGES TURNED OvT, DISTANCES FROM BACK TO BACK. 


Properties 
of Two Channels, 
Flanges Turned Out. 


For Distances 


Measured from ~ 


Back to Back. 


6 


8.00 


10.50 


11.25 


13-75 | 16.25 


4.76 
26.0 


4 


6.18 
30.2 


44 


48-4 
43 


6.70 
64.6 
43 


8.08 
72.0 
4% 


9-56 
79-8 
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94-6 
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Moments of Inertia of 2 Channels Ab: 


out Axis Y-Y for Various Distances Back to 


26.5 
29.7 
33-1 
36.6 


40.4 
44.4 
48.6 
52-9 
57-5. 
62.2 
67.2 
723 
77.6 
83.1 
88.8 
94.8 


100.8 
107.1 
113.6 
120.3 


172 
134.2 
141.5 
148.9 
156.6 
164.4 
172.5 
180.7 
189.1 
197-7 
206.5 
215.5 


224.7 
234.1 
243.6 
253-4 
263.4. 


32.0 


31.5 
35.1 
38.9 
42.9 
47-1 
51.6 
56.2 
61.0 


66.1 
71.3 
76.8 
82.5 


88.4 

94-5 
100.8 
107.3 
114.0 
120.9 
128.1 
135-4 
143.0 
150.8 
158.7 
166.9 


175-3 
183.9 
192.8 
201.8 


211.0 
220.5 
230.1 
240.0 


250.1 
260.3 
270.8 
281.5 
292.4 


37-3 
41.6 
46.1 
50-9 
55-9 
61.2 
66.8 
72.6 


78.6 
84.9 
91.5 
98.2 
105.3 
112.6 
120.2 
128.0 


136.1 
144.4 
153.0 
161.8 


170.9 
180.2 
189.8 
200.0 


209.7 
220.1 
23017 
241.5 
252.6 
264.0 
275.6 
287.4 
300.0 
311.9 
324-5 
337-4 
350-5 


44.0 
49.0 
54-4 
60.1 


66.0 
72-3 
78.9 
85.7 
92.9 
100.3 
108.1 
116.1 


124.5 
133.2 
142.1 
151.4 
160.9 
170.8 
180.9 
191.3 
202.0 
213.0 
224.4 
236.0 


247.9 
260.2 
DOR, 
285.6 


298.7 
312.1 
325.8 
339-9 
354-2 
368.8 
383.8 
399-0 
414.5 


38.1 
42.3 
46.8 
51.5 
56.4. 
61.6 
67.1 
72.8 


78.7 
84.9 
91.3 
97-9 
104.8 
112.0 
119.3 
127.0 


134.8 
143.0 
151.3 
160.0 
168.8 
177.8 
187.2 
196.7 
206.5 
216.6 
227.0 
235-7 
248.2 
259-3 
270.5 
282.1 


293.8 
305.1 
317-9 
330.3 
343-0 


TABLE 19.— Continued. 
Moments OF INERTIA OF Two CHANNELS, BoTH AXEs. 
FLANGES TURNED Out, DisTANCES FROM BACK TO BACK. 


Properties 
of Two Channels, 
Flanges Turned Out. 


For Distances 
Measured from 
Back to Back. 


rs’! 


lot a|e w[coto| AH lot|H RH Ca al 


Ba[co bol et 


5 
5 
5 
5 
6 
6 
6 
6 
a 
a 
a. 
7 
8 
8 
8 
8 
9 
9 
9 
9 
10 
2 


25,00 


20.50 


14.70 
182.0 


5i 


12.06 
256.2 
6 


25.00 


14.70 
288.0 
6 


35-00 


19.80 
625.2 
63 


20.58 
640.0 
7 


40.00 


23.52 
695-0 
7 


45.00 


26.48 
750.2 
7% 


50.00 


29.42 


* 55-00 


32.36 


Moments of Inertia of 2 Channels 


About Axis Y-Y for Var 


ious Distances Back to Back. 


119.4 
128.7 
138.4 
148.5 
158.9 
169.7 
180.9 
192.4 
.4|204.3 
.8|216.6 
.4|229.2 
-3|242.2 
6/255-5 
.0|269.2 
.8|283.3 
.8|297.8 
.2|312.7 
-71327-9 
-0/343.4 
+013 59-4 
-2|375-7 
-9/392.3 
-9/409.4 
.2|426.8 
7/4446 
.6|462.7 
-7|481.2 
-I|500.1 
-7|519.4 
+7|539-0 
9558.9 
4/579-3 
.2|600.0 
2621.1 
.6|642.5 
-2|664..4. 
.1|686.6 
3709.1 
-7|732.0 
4/755.3 
.5|789.0 
-7|803.0 
-3|827.4 
.2|852.1 
.4|877.4 


149.9 
161.6 
173.8 
186.4 
199-4 
213-0 
227.0 
241.4 
256.3 
DIL, 
287.5 
303.8 
320.6 
337.8 
355-5 
3, 3-6 
392.2 
411.2 
430.7 
450.7 
471.1 
492.0 
513. 

535-2 
557-4 
580.1 
603.3 
627.0 
651.0 
675.5 
700.6 
726.0 


752.0 
778.4 
805.2 
832.6 
860.3 
888.6 
917.3 
946.4 
976.0 
1006.1 
1036.7 
1067.6 
1099.1 


131.6 
141.5 
mer e7 
162.3 
173-3 
184.6 
196.4 
208.5 
221.0 
233 )-o 
247.1 
260.7 
274.7 
289.1 
303.8 
318.9 
334-4 
50. 
366 
383.2 
400.2 
417.6 
435-4 
453-5 
472.0 
490.9 
510.2 
539-9 
549.8 
570.2 
591.0 
612.1 
633-7 
655.6 
677-9 
700.6 
723.6 
747-9 
770.8 


157-5 
169.4 
181.8 
194.6 
207.9 
PEG 
235-9 
250.5 
265.7 
281.2 
297°3 
313.8 
330.8 
348.2 
366.1 
384.4 
403.2 
422.5 
442.2 
462.4 
483.0 
504.1 
525.6 


| 547-7 


570.1 
593-1 
616.5 
640.3 
664.6 
689.4 
714.6 
740.3 
766.5 
793-1 
820.2 
847-7 
875-7 
904.1 
933-1 
962.4 
992.3 
1022.5 
1053.3 
1084.5 
1116.1 


188.5 
202.8 
217.6 
233.0 
248.9 
265.4 
282.5 
300.0 
318.2 
336.9 
356.1 
375-9 
396.3 
Av7 2 
438.6 
460.6 


483.2 
506.3 
530.0 
554-2 
578.9 
604.2 
630.1 
656.5 
683.5 
711.0 
739-1 
767-7 
796.8 
826.6 
856.8 
887.7 
919.0 
951.0 
983.4 
1016.5 
1050.1 
1084.2 
1118.9 
1154.1 
1189.9 
1226.2 
1263.1 
1300.5 
8. 


221.8 
238.5 
255-9 
273-9 
292.6 
311.9 
331-9 
352-5 
373.8 
395-7 
4438.2 
441.4 
465.3 
489.7 
514.8 
540.6 
567.0 
594-0 
621.7 
650.0 
679.0 
708.6 
738.8 
769.8 
801.4 
833.6 
866.4 
899.9 
934.0 
968.7 
1004.1 
1040.2 
1076.9 
1114.2 
1152.2 
1190.8 
1230.1 
1270.0 
1310.5 
Wig 
1393-6 
1436.0 
1479.2 
1522.9 
1567. 


baie 
247-9 
205 a0 
283.0 
B05 
320.6 
340-3 
360.6 
381.5 
403.1 
425.3 
448.1 
471.5 
495-5 
520.2 
545-5 
571.4 
597-9 
625.0 
652.8 
681.2 
710.1 
739-7 
770.0 
800.8 
832.3 
864.4 
897.1 
930.4 
964.3 
998.9 
1034.1 
1069.9 
1106.3 
1143.3 
1181.0 
1219.2 
1258.1 
1297.6 
1337.8 
1378.5 
1419.9 
1461.9 
1504.5 
1547.7 


239.6 
256.8 
274-7 
293.2 
312.4 
332. 
352.7 
373-8 
395-5 
417.9 
440.9 
464.6 
489.0 
513.9 
539-5 
565.8 
592.7 
620.3 
648.5 
677.3 
7 6.7 
736.9 
767.6 
7990 
830.9 
863.6 
896:9 
939-9 
965-5 
1000.7 
1036.6 
1073.2 


III0.4 
1148.2 
1186.6 
M2257 
1265.5 
1305-9 
1347.0 
1388.6 


1431.0 
1473.9 
1517.5 
1561.8 
1606. 


272.3 
292.0 
312.4 
333-5 
355-4 
378.0 
401.3 
425.0 
450.2 
475.8 
502.1 
529.1 
556.9 
585.3 
614.6 
644.5 
675.2 
706.7 
738.8 
774-7 
805.4. 
839.7 
874.8 
910.7 
947-3 
984.6 
1022.6 
1061.4 
1100.9 
II41.2 
1182.2 
1223.9 
1266.3 
1309.5 
1353-5 
1398.1 
1443.5 
1489.7 


306.9 
329.0 
352.0 
375-9 
400.5 
426.0 
452.3 
479-5 
507-5 
536.2 
565-9 
596.3 
627.6 
659.7 
692.6 
726.4. 
761.0 
796.4 
832.7 
869.8 
907-7 
946.4 
958.9 
1026.3 
1067.6 
1109.6 
mas 2e5 
1196.2 
1240.7 
1286.0 
1332.2 
1379.2 
1427.1 
1475.7 
62 eee 
1575-5 
1626.7 
1678.6 
1731.4 
1785.0 
1839.5 


1013.2 
1056.4 
1100.4 
1145.4 
1191.2 
1238.1 
1285.8 
1334-4 
1384.0 
1434.5 
1485.9 
1538.2 
1591.5 
1645-7 
1700.8 
1756.8 
1813.7 
1871.6 
1930.4 
1990.0 
2050.7 
2112.2 
2174.6 
2238.0 


6 |2302.3 


1318.1 
1369.8 
1422.5 
1476.2 
1530.9 
1586.6 
1643.3 
1701.0 
1759-7 
1819.5 
1880.2 
1942.0 
2004.8 
2068.6 
2133-4 
2199.2 
2266.0 
2333-9 
2402.7 


MomMEnNTS OF INERTIA OF Two CHANNELS, BotH AXEs, 
FLANGES TuRNED IN, DIsTANCES FROM BACK TO BACK. 


Properties 
of Two Channels, 
Flanges Turned in. 


For Distances 
Measured from 
Back to Back. 


xo!’ 


9-75 12.25 11.25 13.75 16.25 13.25 15,00 20.00 15.00 20.00 


5-70 7-20 6.70 8.08 9.56 7.78 8.82 11.76 8.92 11.76 
42.2 48.4 64.6 72.0 79-8 94-6 101.8 121.6 133.8 157-4 
re 3 vs $ 18 Ye re ~ $ 2 i 


Moments of Inertia of 2 Channels about Axis Y-Y for Various Distances Back to Back. In.4. 


66.0 59-9 Tperatt : : 104.8 77.6 | 104.0 
71.4 : 79.2 : : c 113.6 84.1 | 11237 
771 : 85.5 : ; : 122.7 90.9 | 121.7 
83.0 i 92.1 f : i 132.2 98.0 | 131.1 
89.2 : 98.9 i é : 142.1 | 105.4 | 140.9 
95.5 : 106.0 : : : £52.3> | ti3tOm ere ren 
102.1 : 113.3 : ‘ : 162.9 | 120.9 | 161.6 
108.9 : 120.9 A ; : 17329.) 01 29:kacleL 7265 
116.0 ; 128.7 : . : 195-2 els 7-O menos 7 
123.2 : 136.8 : : : 196.8 | 146.3 | 195.4 
130.7 ; 145.2 i : ; 208.9 | 155.3 | 207.4 
138.4 : 153.8 ’ 4 ‘165. 221.3 | 164.7 | 210.7 
146.4 : 162.6 : ! : 234.1. b UA 2elegaed 
154.5 : Wie, : 62. j 247.3 | 184.1 | 245.5 
162.9 : 181.1 : : ; 260.8 | 194.2 | 259.0 
173s A 190.7 i : ; 274.7 | 204.7 || "272.8 
180.4 ; 200.5 : : p 289.0 | 215.4 | 287.0 
189.4 ; 210.6 ; ; j 303.6 | 226.3 | 301.6 
198.7 é 221.0 ; : ; 318.6 | 237.6 | 316.5 
208.2 : 231.6 : ; len 334-0 | 249.1 | 331.8 
218.0 : 242.5 : : : 349.7 | 261.0 : 
227.9 : 253.6 ; : : 2051S Ne27san He 
238.1 : 265.0 4 : 5 382.3 | 285.4 | 379.9 
248.5 ; 276.6 : , ; 399.2 | 298.1 | 396.7 
259.2 P 288.5 ; : : 416.4 | 311.0 | 413.8 
270.0 8 | 300.6 : ; ; 433-9 |+324.2 | 431.3 
281.1 : 313.0 5 : ; 459-9) | 337-7 
292.4 : 325.6. 2 : : 470.2 | 351.5 
304.0 : 338.5 3 : : 488.9 | 365.5 
315.7 ‘ gp l.7, b ie : 507.9 | 379.8 
327.7 3 365.1 : : : 527-3 | 390.5 
339-9 . 378.7 : : : 547-9 | 409.3 
352.4 8. | 392.6 , : i 567.2 24. 
365.0 . 406.8 : 3 : 587.7 yes 
377-9 : 421.2 : : i 608.6 
391.0 : 435.8 : ; : 629.9 
404.4 : 450.7 ; ; : 651.5 
417.9 : 465.9 A : : 673.5 
431.7 : 481.3 : 4 ; 695.8 
718.6 


741.6 
765.1 
788.9 
813.1 
837.6 


BlCod|H A 


oom oNNNN 
loro|ale 


0.0 0 0 


leone 


TABLE 20.— Continued. 
MomeEntTs oF INERTIA OF Two CHANNELS, Boru AXEs. 
FLANGES TURNED IN, DisTANCES FROM BACK TO BACK. 


Properties 
of Two Channels, 
Flanges Turned In. 


For Distances 
Measured from 
Back to Back, 


50 


i 23-52 : 5 23.52 26.48 29.42 32.36 
I;-2[s 256.2 288.0 323-4 358.6 394.0 625.2 640.0 695.0 750.2 805.4 860.4 
Web2{s vs i I 1} Ty's t Pee Ir6 1} Ir6 13 


Moments of Inertia aoe Channels About Axis Y-Y for Various Distances Back to Back. In.4. 


268.2 | 309.9 | 349.0] 288..] 300.4] 343.7] 385.5 | 424.6] 461.9 
Zz 193-2 | 238.1 | 285.4] 329.8 | 371.6] 307-1 | 319.8] 366.0] 410.4 | 452.2 | 492.1 
# 205.2 | 252.8 | 303.0] 350.4 | 394.9] 326.3] 339.9] 388.9] 436.3 | 480:8| 523.4 
217.6 | 268.0} 321.3 | 371-6] 418.9] 346.2] 360.6] 412.6| 462.9] 510.3] 555.7 
10 230.4 | 283.7) 340.1] 393-4) 443-7] 366.7 | 381.9] 437.0] 490.4] 540.7] 589.0 
104 243-5 | 299.8 | 359.4 | 415.9] 469.2] 387.9] 403.9] 462.2] 518.7] 572.0] 623.3 
105 257-1 | 316.3 | 379.3 | 439-0] 495.5] 409.6] 426.5] 488.1] 547.8] 6042] 658.6 
10g | 270.9| 333-3 | 399-7| 462.7| 522.5] 432.0] 449.8| 514.7| 577.8] 637.4] 694.9 
II 285.2 | 350.9) 420.7 | 487.2 | 550.2] 455.0) 473.7] §42.1 | 608.5 | 671.5 | 1732.2 
Try 299-9 | 368.8} 442.31 512.2] 578.7] 478.6| 498.3} 570.2] 640.2! 706.5 | 770.6 
irs 314.9 | 387.2 | 464.4] 537-9] 607.9] 502.8] 523.5 | 599.0] 672.6] 742.4] 809.9 
Tit $3013) | 400.0 1 487.0 || 564.2 | 637.9] 527.7 | 549.3 |" 628-6) 7os.9) | 77013. | 850.3 
12 340.1 | 425-4) 510.2 | 591.2 | 668.5] 553-1 | 575.8 | 658.9 || 739.9) 817.0 | Sor.7 
12} 362.2 | 445.1 | 534.0] 618.8] 699.9] 579.2 | 602.9] 690.0] 774.9] 855.7] 934.1 
Uppy 278-8 | 405.4. | 558.3 | 647.1 | 732.0] 605.9 | 630:7 | 721.7 | 810.6"! ~896.3| | 2677.5 
12% 395.7 | 486.1 | 583.1 | 676.0) 764.9 | 633.2 | 659.1 | 754.3 | 847.2] 935.8 | Eo2I.9 
13 413.0} 507.3} 608.5 | 705.6] 798.5 | 661.1 | 688.2 | 787.5 | 884.6] 977.3 | 10 7.3 
13¢ 430.6 | 528.9} 634.5 | 735-8| 832.8] 689.7] 717.9] 821.5 | 922.8 | 1019.6 | 1113.8 
135 448.7 | 551.0] 661.0] 766.6} 867.9] 718.9] 748.2 | 856.2 | 961.9 | 1062.9 | 1161.2 
mae 467.1 | 573.6| 688.0] 798.1 | 903.7] 748.7 | 779.2 | 891.7 | 1001.8 | 1107.1 | 1209.7 
I 85. 596.6 15.7 | 830.2 | 940.3] 779.1 | 810.8] 927.9 | 1042.5 | 1152.3 | 1259.1 
a ee 620.1 Sei 863.0 | 977.6] 810.1 | 843.1 | 964.8 1084.0 | 1198.3 1309.6 
143 524.6 | 644.0] 772.6 | 896.4 | 1015.6] 841.7 | 876.0 | 1002.4 | 1126.4 | 1245.2 | 1361.1 
142 544.5 | 666.4 | 801.8 | 930.4 | 1054.3 | 874.0] 909.6 | 1040.8 | 1169.6 | 1293.1 | 1413.6 
15 564.8 | 693.2 | 831.6] 965.1 | 1093.8] 906.9 | 943.8 | 1080.0 | 1213.6 | 1341.9 | 1467.1 
15% 585. 718.5 | 862.0 | 1000.5 | 1134.0] 940.4 | 978.7 | 1119.8 | 1258.4 | 1391.7 | 1521.7 
Tse 606.6 | 744.3. | 892.9 | 1036.5 | 1175.0] 974.5 | 1014.2 | 1160.4 | 1304.1 | 1442.3 | 1577.2 
Boe 628.0 | 770.5 | 924.4 | 1073.1 | 1216.7 | 1009.3 | 1050.3 | 1201.7 | 1350.6 | 1493.9 | 1633.7 
16 649.8 | 797.2 | 956.4 | II110.3 | 1259.1 | 1044.6 | 1087.1 | 1243.8 | 1397.9 | 1546.3 | 1691.3 
16¢ | 672.0} 824.3] 989.0 | 1148.2 | 1302.3 | 1080.6 | 1124.5 | 1286.6 | 1446.1 | 1599.7 | 1749.9 
163 694.5 | 851.9 | 1022.1 | 1186.8 | 1346.2 | 1117.2 | 1162.6 | 1330.2 | 1495.1 | 1654.0 | 1809.4 
163 717.5 | 879.9 | 1055.8 | 1226.0 | 1390.8 | 1154.4 | 1201.3 | 1374.4 | 1544.9 | 1709.3 | 1870.0 
17 740.8 | 908.5 | 1090.0 | 1265.8 | 1436.2 | 1192.2 | 1240.6 | 1419.4 | 1595.5 | 1765.4 | 1931.7 
17+ 764.5 | 937-4 | 1124.8 | 1306.3 | 1482.3 | 1230.7 | 1280.6 | 1465.2 | 1647.0 | 1822.5 | 1994.3 
175 788.6 | 966.9 | 1160.1 | 1347.4 | 1529.1 | 1269.8 | 1321.3 | 1511.7 1699.3 | 1880.5 | 2057.9 
172 813.0 | 996.8 | 1196.0 | 1389.2 | 1576.7 | 1309.5 | 1362.5 | 1558.9 | 1752.5 | 1939.4 | 2122.5 
18 837.8 | 1027.1 | 1232.4 | 1431.6 | 1625.0 | 1349.8 | 1404.5 | 1606.8 | 1806.4 | 1999.2 | 2188.2 
18} 863.0 | 1057.9 | 1269.4 | 1474.7 | 1674.0 | 1390.7 | 1447.0 | 1655.5 | 1861.2 | 2060.0 | 2254.8 
18 888.6 | 1089.2 | 1306.9 | 1518.4 | 1723.8 | 1432.3 | 1490.2 | 1704.9 | 1916.8 | 2121.6 | 2322.5 
183 914.6 | 1120.9 | 1345.0 | 1562.8 | 1774.3 | 1474.4 hae ee 1973.3 | 2184.2 see 
I 0.9 | 1153.1 | 1383.6 | 1607.7 | 1825.6 | 1517.2 | 1578.6 | 1806.0 | 2030.5 | 2247.7 | 2460. 
tod ge7e 1184.8 pe 1653.3 | 1877.5 | 1560.6 | 1623.7 | 1857.6 | 2088.6 | 2312.2 ne 
194 994.7 | 1218.9 | 1462.5 | 1699.6 | 1930.3 | 1604.6 | 1669.5 | 1910.0 | 2147.5 | 2377.5 | 2 03.3 
3 ‘ 4 | 1502.8 | 1746.5 | 1983.7 | 1649.3 | 1715-9 | 1963.1 | 2207.3 | 2443.8 | 2676.0 
1543-6 | 1794.1 | 2037.9°] 1694.5 | 1763.0 | 2016.9 | 2267.8 | 2510.9 | 2749.8 


42 41 


223.8 


NopoR oe) 


TABLE 21. 


Moments OF INERTIA OF Two CHANNELS, BoTH AXES. 


FLANGES TURNED IN, DistTaANcEes INSIDE TO INSIDE OF WEB. 


Properties 
of Two Channels, 
Flanges Turned In. 


For Distances 
Measured from 
Inside to Inside of Web. 


9-75 12.25 


II.25 


5-70 7-20 6.70 
42.2 48.4 64.6 
7. 5 7, 
16 8 16 


9-56 7-78 8.82 11.76 
79-8 94.6 ror.8 121.6 
i8 16 Eas .t 


Moments of Inertia of 2 Channels About Axis Y-Y for Various Distances Inside to Inside of Web. 


Royle) 


w|cobo| | 


WODOO00 DWAWAONNNN 


[coke 


80.4 
86.4 
92.7 
99.2 
105.9 
112.8 
120.0 
127.4 
135.0 
142.8 
150.9 
159.2 
167.7 
_ 176.4 
185.4 
194.6 
204.0 
213.6 
22 36 
233-6 
243.9 
254-5 
265.2 
276.2 
287.4 
298.9 
310.5 
322.4, 
334-5 
346.9 
359-4 
372.2 
385.2 
398.5 
411.9 
425.6 
439.5 
453-7 
468.0 
482.6 


497-4 
ish Deis 
527.7 
543.2 
558.9 


68.9 

74-3 

79.8 

85.7 

91.6 

97.8 
104.3 
110.9 
117.7 
124.8 
132.0 
139-5 
147.2 
iG Reu 
163.1 
171.5 
180.0 
188.7 
197.6 
206.8 
216.1 
225.7 
235-4 
245-4 
255.6 
266.0 
276.6 
287.4 
298.4 
309.7 
321.1 
332.8 


344.6 
356.7 
369.0 
381.5 
394.2 
407.1 
420.2 
433-5 
447.1 
460.8 
474.8 
488.9 
503.3 


88.6 

95:3 
102.2 
109.5 
116.9 
124.6 
132.6 
140.8 
149.2 
158.0 
166.9 
176.2 
185.6 
195-4 
205.3 
215.8 
226.1 
236.8 
247.8 
259.0 
270.5 
282.3 
294.3 
306.5 
319.0 
331.8 
344.8 
358.1 
371.6 
385.3 
399-4 
413.6 
428.2 
442.9 
458.0 
473-2 
488.8 
504.6 
520.6 
536.9 
553-4 
570.2 
587.3 
604.6 
622.1 


110.5 
118.6 
127.0 
135.8 
144.8 
154.2 
163.8 
173-7 
184.0 
194.5 
205.3 
216.5 
227.9 
239.6 
251.6 
264.0 
276.6 
289.5 
302.7 
316.3 
330.1 
344.2 
358.6 
373-3 
388.3 
403.6 
419.2 
435-1 
451.4 
467.9 
484.7 
501.8 
519.2 
536.9 
554-9 
573-2 
591.8 
610.7 
629.9 
649-4 
669.1 
689.3 
709.6 
730-3 
751.3 


138.1 
148.1 
158.6 
169.4 
180.6 
192.1 
204.0 
216.3 
229.0 
242.0 
255-4 
269.1 
283.2 
297-7 
312.6 
327.8 
343-4 
359-4 
375-7 
392-4 
409.4 
426.9 
444.7 
462.8 
481.3 
500.2 
519.5 
539-5 


79-4 

85.6 

92.1 

98.7 
105.7 
112.8 
120.2 
127.9 
135.8 
143-9 
152.3 
160.9 
169.8 
178.9 
188.3 
197-9 
207.7 
217.8 
228.1 
238.7 
249.5 
260.6 
271.9 
283.4 
295.2 
307-3 
319.5 
332.0 
344.8 
357.8 
371.1 
384.5 
398.3 
412.3 
426.5 
440.9 
455.6 
470.6 
485.8 
501.2 
516.9 
532.8 
549-0 
565.4 
582.0 


94.2 
IOI.4 


108.9 
116.6 
124.6 
132.9 
41.5 
150.3 
159-5 
168.9 
178.5 
188.5 
198.7 
209.2 
220.0 
231.1 
242.4 
254.0 
265.9 
278.0 
290.4 
303.2 
316.2 
329.4 
342.9 
356.7 
370.8 
385.2 
399-8 | 559.1 
414.7 | 579-5 
429.9 | 600.2 
445-4 | 621.3 
461.1 | 642.8 
477.1 | 664.6 
493-4 | 686.9 
510.0 | 709.4 
526.8 | 732.4 
543-9 | 755-7 
561.3 | 779.3 
579-0 | 803.4 
596.9 | 827.8 
615.2 | 852.6 
633.6 | 877.7 
652.4. | 903.2 
671.5 | 929.1 


90.4. 

97-4 
104.8 
112.4 
120.3 
128.4 
136.9 
145.6 
154.6 
163.9 
173.5 
183.3 
193-4 
203.8 
214.5 
225.5 
236.7 
248.2 
260.0 
272.1 
284.4 
297.1 
310.0 
323.2 
336.6 
350-4 
364.4 
378.7 
393-3 
408.1 
423.3 
438.7 
454.4 
479.4 
486.6 
503.1 
519.9 
537-0 
554-4 
572.0 
590.0 
608.2 
626.7 
645-4 
664.5 


131.5 
141.3 
150-5 
162.0 
172.9 
184.2 
195.8 
207.8 
220.2 
233.0 
246.1 
259-5 
273-4 
287.6 
302.2 
317.1 
332-4 
348.1 
364.2 
380.6 
397-4 
414.5 
432.0 
449.9 
468.2 
486.8 
505.8 
525.1 
544.8 
564.9 
585.4 
606.2 
627.4 
649.0 
670.9 
693.2 
715.9 
738.9 
762.3 
786.1 
810.2 
834.7 
859.6 
884.8 
gI0.4. 


Depth. 


Properties 
of Two Channels, 
Flanges Turned in. 


TABLE 21.— Continued. 
Moments oF INERTIA OF Two CHANNELS, BorH AXES. 


FLANGES TURNED IN, Distances INSIDE To INSIDE OF WEB. 


For Distances 
Measured from 


Inside to Inside of Web. 


25 


14.70 
288 o 
3 
4 


3° 


17.64 
323-4 
I 


35 


20.58 
358.6 
1t 


19.80 
625.2 
i 


50 


29-42 
805.4. 


7 
1x6 


55 


32.36 
860.4 


5 
Ig 


Moments of Inertia of 2 Channels about Axis Y-Y for Various Distances Inside to Inside of Webs. 


In.4, 


Weight. 20.5 

12.06 

I,-2[s 256.2 

Web 2[s = 

9 "| 208.2 
O27 | 220.7 
93 | 233.5 
9s | 246.7 
10 260.4. 
10y | 274.3 
103 288.7 
10g | 303.4 
II 318.6 
I1z | 334.0 
Tis 350.0 
11g 366.1 
12 382.8 
127 | 399.8 
pen PAY 222. 
12 | 434.9 
13 453.0 
132 | 471.6 
132 | 490.4 
134 | 509.7 
BAC 529.3 
tre | 549-4 
14g | 569.7 
14a | 590.5 
15 611.7 
15z | 633.2 
15g | 655.1 
15t | 677.4 
16 700.6 
16% 723.0 
163 | 746.5 
162 770.2 
17 -| 794.4 
17t 818.9 
17z | 843.9 
17% | 869.1 
18 894.8 
18% | 920.9 
183 | 947.3 
18% | 974-1 
19 1001.3 
19% | 1028.8 
193 | 1056.8 
= | LO8s.1 
34 7 


269.9 
285.6 
301.7 
318.4 
335-4 
353-0 
371.0 
389.5 
408.4 
427.8 
447.6 
467.9 
488.7 
510.0 
531.6 
553-7 
576.3 
599-4 
622.9 
646.9 
671.3 
696.2 
721.6 
747-4 
773-6 
800.4. 
827.6 
855.2 
883.3 
gII.9 
940.9 
979.4 
1000.4 
1030.8 
1061.7 
1093.0 
1124.8 
1157.0 
1189.7 
1222.9 
1256.5 
1290.6 
1325.1 
1360.1 
1395.6 


342.1 
361.5 
381.4 
401.9 
423.0 
444.6 
406.7 
498.4 
eae, 
536.5 
560.9 
585.8 
611.2 
637.2 
663.8 
690.9 
718.6 
746.8 
775-6 
804.9 
834.8 
865.2 
896.2 
927.6 
959.8 
992.4. 

1025.6 

1059-3 

1093.6 

1128.4 

1163.8 

1199.7 

1236.2 

127332 

1310.8 

1349.0 

1387.7 

1426.9 

1466.7 

1507.0 

1547.9 

1589.4 

1631.4 

1673.9 

1717.0 


417.9 
441.1 
464.9 
489.3 
514.4 
540.2 
566.6 
593-6 
621.3 
649.6 
678.6 
708.2 


738.4 
769.3 
800.9 
833.0 
865.9 
899.3 
933-4 
968.2 
1003.6 
1039.6 
1076.3 
1113.6 
1151.6 
1190.2 
1229.5 
1269.3 
1309.9 
1351.1 
1392.9 
1435-4 
1478.5 
522.9, 
1566.6 
1611.7 


1657.4 
1703.7 
1750.7 
1798.3 
1846.5 
1895.4 
1945.0 


1995.2 
2046.0 


497.2 
524.2 
552.0 
580.5 
609.7 
639.7 
670.4 
701.9 
734-1 
767.0 
800.6 
835.0 
870.2 
906.0 
942.6 
979-9 
1018.0 
1056.8 
1096.3 
1136.6 
1177.6 
1219.4 
1261.8 
1305.0 


1349.0 
1393-7 
1439.1 
1485.2 
a5 aiek 
1579-7 
1628.0 
1677.1 
1727.0 
1777-6 
1828.9 
1880.9 


1933.6 
1987.1 
2041.4 
2096.3 
DUG 2.1 
2208.5 
2265.7 
2323.6 
2382.2 


350.3 
379.9 
392.2 
414.0 
436.5 
459.6 
483.4 
5097-7 
532-7 
558.3 
584.5 
611.3 
638.7 
666.8 
695-5 
724.8 
754-7 
785.2 
816.4 
848.2 
880.5 
913-5 
947.2 
981.4. 
1016.3 
1051.8 
1087.9 
1124.6 
1161.9 
1199.9 
1238.5 
1277.7 
1317.5 
1357-9 
1399.0 
1440.6 
1482.9 
1525.8 
1569.4 
1613.5 
1658.3 
1703.7 
1749.7 
1796.3 
1843.5 


43 


369.2 
390.8 
413.0 
435-9 
459-5 
483.7 
508.5 
533-9 
560.0 
586.8 
614.2 
642.2 
670.9 
700.2 


730.2 
760.8 


792.0 

824.0 

856.5 

889.7 

923.5 

958.0 

993-1 
1028.9 
1065.2 
1102.3 
1140.0 
1178.3 
1217.3 
1256.9 
1297.1 
1338.0 
1379.6 
1421.8 
1464.6 
1508.1 
1552.2 
1596.9 
1642.3 
1688.4. 
1735.1 
1782.4 
1830.4 
1880.0 
1928.3 


441.8 
467.1 
493.2 
519.9 
547-4 
575-7 
604.7 
634-4 
664.8 
696.0 
727-9 
760.6 


794-0 
828.1 


862.9 

898.5 

934-9 

971-9 
1009.7 
1048.2 
1087.6 
1127.6 
1168.3 
1209.8 
1252.0 
1294.9 
1338.6 
1383.0 
1428.2 
1474.1 
1520.7 
1568.0 
1616.1 
1664.9 
1714.5 
1764.8 
1815.8 
1867.6 
1920.1 
1973.3 
2027.3 
2082.0 
2137-4 
2193.6 
2250.5 


518.0 
547-1 
577-2 
607.8 
639.4 
671.8 
705.0 
739-1 
774-9 
809.7 
846.3 
883.6 
921.8 
960.9 
1000.7 
1041.4 
1082.9 
ria5e3 
1168.5 
PRS 
1203 
1302.9 
1349.4 
1396.7 
1444.9 
1493.8 
1543.6 
1594-3 
1645.7 
1698.0 
175 tat 
1805.0 
1859.8 
1915.3 
1971.8 
2029.0 
2087.1 
2146.0 
2205.7 
2266.2 
2327.6 
2389.8 
2452.8 
2516.7 
2581.4 


596.4 
629.4 
663.2 
698.0 


733-7 

779-3 

807.9 

846.4 

885.7 

926.0 

967.3 
1009.4 
1052.5 
1096.4 
II41.3 
1187.2 
1233.9 
1281.5 
1330.1 
1379.6 
1430.0 
1481.4 
1533-6 
1586.8 
1640.9 
1695.9 
1751.9 
1808.7 
1866.5 
1925.1 
1984.8 
2045.3 
2106.7 
2169.1 
2232.4 
2296.6 
236.7 
2427.8 
2494.7 
2562.6 
2631.4 
2701.1 
2771.8 
2843-3 
2915.8 


678.2 

715.1 

753.0 

791.9 

831.8 

872.7 

914.6 

957-6 
IOOI.5 
1046.5 
1092.4 
1139-4 
1187.4 
1236.4. 
1286.4 
1337-5 
1389.5 
1442.5 
1496.6 
1551.7 
1607.8 
1664.9 
1723.0 
1782.1 
1842.2 
1903.4. 
1965.5 
2028.7 
2092.8 
2158.0 
2224.2 
2291.4 
2359.6 
2428.9 
2499.1 
2570.4 
2642.6 
2715.9 
2790.2 
2865.5 


2941.8 
3019.1 
3097-5 
3176.8 
3257-1 


‘ 


TABLE 22. 
PROPERTIES OF Two CHANNELS, SPACED SMALL DISTANCES. 


Properties ‘ For Distances 
of Two Channels. fel Be ee Se Measured from 
Flanges Turned Out. Back to Back. 


oe Axis Y—-Y., 
SIS EE SY Axis X-X. 
4 Z ig b=o0 b=)". b=3" b=32” b=2" 
Aa] 4 aoa 
A S Ix Tx ly Ty ly Ty Iy Ty Iy Ty ly Ty 
In.) Lb.} In? In.4 | In In.4 In In4 In In.4 In Int In In.4 In 
Ae 2.38 BZ 2miekal A 54 a2 te50 
3/5 | 2.94 BiOuleI.L2|ma lL 20:00 1.4 | 0.70 6.6 | 1.50 
© | Ba 4.2 | 1.08] 1.4 | 0.62 1.8 | 0.71 2A 0:82 3.1 | 0.93 S. Tee dese 
54 3.10 7-6) | Te5 Gl 1-3)) || 0-05 Le7, || 0:74) 2.2 | 0.84 2.8 |) 0:95 Fhe |p iss 
4 Of 3.78 8.4 |} 1.51] 1.6 | 0.64 2.0 | 0.73 2.6 | 0.84 Ber bill OHS See Ping 
FAN A= 20 NO. 25| 0-4 Ol e081 0:05 2:4. | 10.74.) 320 |) ©8451 3-9N 20:05. takO:Omueiens 
5 63| 3.90] 14.8 | 1.95] 1.9 | 0:69 2.4 | 0.78 3515/0289 3.9 | 0.99 9.6° | E57 
ONE 5.30%) 17581) 1.83), 2.5 0.68 Bao COl7S 4.1 | 0.88 5.2 + 0.98 || 12:9 1256 
Sie 7 Onle2O.09 1 2.84 12.7 On7 4 ae WV) (Cesy 4.2 | 0.93 5225) TCO) (1 2eA eT Om 
OTOL POs) 130-2) | 2.20) 353° 4/10:73 4.2 | 0.82 5.3. | 0.92 65h], PO20 TS. 7 a eteoo 
13) |) 7-04) |) 134-012-103) 9402 410.74. Cag iaeOLO3 6.6 | 0.93 82h r-03 Gl Oouaieor 
94 BONN FAD 227210327) | 0:80 4.5 | 0.89 5.6 | 0.99 6.8 | 1.09 | 15.6 | 1.65 
7 124 7.20| 48.4 ]2.59| 4.4 | 0.78 Habis O87, 6.7. | 0.97 8.3) 1207, ||, 19.2.1) k63 
WAG |p O.08. |) 054.4) 2.50||. 95.3 [5 0.78 6.6 | 0.87 8:1-,| 0:97, 4) SIOLOs | 807 a3 -oae neon 
114} 6.70] 64.6]3.11] 4.9 | 0.85 6.0 | 0.94 72 1.03 8.7 be -IsTAyl 10.3 eee 
8 |132| 8.08] 72.0] 2.98) 5.6 | 0.83 6.8 | 0.92 873 {| T-Ob Vs TOos) tal2ee 227 OS 
163} 9.56] 79.8.12.89] 6.5 | 0.83 8.0 | 0.91 9.85) E01 /FT18hile oe £0, ez Or77n eo, 
134] 7.78 | 94.6 |3.49] 6.4 | 0.90 7.7 | 0.99 9:3°5| 1.09.75 1E-O) |-aIe kG mez show neko 
9 |15 8.82 | 101.8 | 3.40 o | 0.89 8241) O107) |) TOME A .O7 0G Nimo temo ear On a nee ay 
20. | 1E;7On| 120-6 3-21). 8.9 ||) O87 || 10.0%) 0:96 5) 13. | k-O™ Gey ase ken Say eran eta 
ius 8.2 | 0.96 9:8") 1.05 |) TG 
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Size of Angle 


Inches 


8x8 


Thickness 


Cl lel aed La 
Jaco 


Ot 
- 
a 


ms 
al 


omer elie ced ee 
oH alo ot 


niRH 
| 


1 
pled 
alo 


omer elont cs 
) a aco 


eee 
t.) 


i] 
+ C0] ap 
wo 


Cortes pat [cb 
ol 


Colcol} tole 
eo sk ole 


Ballet} colon [coe 
i) ol i) 


Hel, cleo} 
Sle ok 


Weight per Foot 


Pounds 


62.7 
59.8 
56.9 
54.0 
51.0 
48.1 
45.0 
42.0 
38.9 
35.8 
32.7 
29.6 
26.4 


37-4 
35-3 
33-1 
31.0 
28.7 


Inches? 


18.44 
17.59 
16.73 
15.87 
15.00 
14.12 
13,23 
12.34 
11.44 


10.53 
9.61 


8.68 
7:75 
11.00 
10.37 
9-73 
9.09 


TABLE 23 
PROPERTIES OF EQuAL LEG ANGLES 


Distance 
from 
Center 
of Gravity 
to Back 
of Angle 


x 


Inches 


2.45 
2.43 
2.41 
2.39 
2.37 
2.34 
2.32 
2.30 
2.28 
Bos 
223 


Moment 
of Inertia 


ih 


Inches! 


106.56 


102.31 
97-97 
93.53 
88.98 
84.33 
79-58 
74-72 
69.74 
64.64 
59.43 
54-09 
48.63 


35-46 
33-72 
31.92 
30.06 
28.15 
26.19 
24.16 
22.07 
19.91 
17.68 
15.39 


19.64 
18.71 
17.75 
16.76 
15.74 
14.68 
13.58 
12.44 
11.25 
10.02 


8.74 


8.14 
7-67 
7-17 
6.66 
6.12 
5.56 
4.97 
4.36 
3.72 
3-04 


45 


Section 


Modulus 


Si 


Inches’ 


19.21 
18.38 
17-53 
16.67 
15.80 
14.92 
14.02 
13.11 
12.19 
ETL 235 
10.30 
9-34 
8.37 
8.57 
8.11 


7-63 
Tas 


66 
a07 
¥ 


: 
3 


7 
5 
53 
fe) 
6 
I 


6 
6 
5 
5-1 
4. 
4. 
3: 
5 
5: 
5: 
4 
4 
4 
3 
3 


fo) 
5 
80 
49 
I 
8 
5 
2 
8 
5 


3-15 
2.79 
2.42 


3.01 
2.81 


Radius of 


Gyration 


T1 


_ Inches 


2.40 
2.41 
2.42 
2.43 
2.44 
2.44 
2.45 


OO 


OO 


Least 
Radius of 
Gyration 


Inches 


1.55 
1.55 
1.55 
1.56 
HESS 
1.56 
1.57 
1.57 
1.57 
1.58 
1.58 
1.58 
1.58 


eee! 


Maximum 
Bending 
Moment 

@ 16,000 
Lb. per 
Sq. In. 


Axis I-I 


Mi 


Foot- 
Pounds 


25 600 
24 500 
23 400 
22, 200 
ZI 100 
goo 
700 
500 
200 
000 
700 
500 
200 * 


400 
800 


TABLE 23.—Continued 


PROPERTIES OF EQuAL LEG ANGLES 


Maximum 


: : Bendin. 
Distance ~ Least Mehent 


from : Radius of 
F ne : Gyration Oem. 
of Gravity 
g to Back ares 
of Angle 


Size of Angle 
Thickness 
Weight per Foot 


Moment of| Section | Radius of ae Nee 
Iuertia Modulus | Gyration a ane ae te 


x Ih Ss re 
es = NS ae 


Inches \nches | Pounds | Inches? Inches Inches# Inches? Inches 


im 
ie 


ADs 0.67 
241 : 0.67 
1.96 : 0.67 
1.81 : 0.67 
1.65 : 0.68 
1.49 
1532) 
He 

.98 

‘79 

.60 


| 
2 


ms 
tice 


sj ca 
Jsese focetens, 


[ 
i) 
i a Al on ln Bl on Bl on ol 


He eee DH WH HW 


H a 
|e om Pi farcelee 


i) 
i) 
Bx 


I +) 
Sse AG Colon 


WSU Pe Oo CONCH Oars 


LOU AAA WSO boRARA 
_ 


Nome) 


3 
8 
5 
16 
a 
4 
ae 
16 
Ba 
8 


lencoltot|ato|et 
facrog 


o 
Wie LEON Ee 


ces korea 


fonooles | sess 


OOHOD ON 


| 
PYRO 
Om 


I 
ol} Some 


ae Sa Ono) 
CN ANS H 0 


cols lomo ovcojeale|ataint 
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TABLE 23.—Continued 


PROPERTIES OF EQUAL LEG ANGLES 


Maximum 


Distance i Least ses oe 


from ; Radius of 
Center : Gyration Pee 
of Gravity Sar a 
to Back done 
a Ane = — oo 


_ Size of Angle 


Thickness 
Weight per Foot 


Moment Section Radius of : 
of Inertia | Modulus | Gyration OES 


Ih Si Yr 13 Mi 


Inches Pounds | Inches? Inches Inches? Inches Inches Foot- 
Pounds 


Dexa 530 
470 
400 
330 
250 


cal ksotemslencoeol lar 
me HWW hd 
nMPOb’ 


fox 0|60) Sls 


cel mt 

me NWW HL 2 

Bee Biehivsicy D> HONW 
bw NEO O 


|ercetes 


3-35 
an 2.86 
2.34 


= 
(0) sot 


Re 
a 


oat co tl 


ome 


cleo 


= 
(e) 
Xe) 


a 
|esceies AS 


oe 
is) 


Seer se 


coon 


Sle Ol 


TABLE 24 


PROPERTIES OF UNEQUAL LEG ANGLES 


Vertical 


Vertical 


Moment of. Section Radius of 
Inertia Modulus Gyration 


of Longer Leg 
Distance from Center 
of Shorter Leg 


Thickness 


Size of Angle 

of Gravity to Back 

of Gravity to Back 

Maximum Bending 
Moment @ 16,000 Lbs. 

Maximum Bending 
Moment @ 16,000 Lbs. 


Axis | Axis | Axis is | Axis 
2-2 | I-I | 2-2 2-2 


per Sq. In. Long Leg 
per Sq. In. Short Leg 


Distance from Center 


Weight per Foot 
Tangent of Angle a 


Ie Te 


In | In. : tae 


80.78 
76.59 ; 373)| 2.50 
72.31 ; SAN 2260 
67.92 : 75 | 2.52 
63.42] 6. ‘ 70) |: 2468 
58.82 : : 2.54 
54.10 P TN 2ag a: 
49.26 : 78) 255 
44.31 Ooi is 2.56 
39-23 . 


66.2 
62.9 
59.4 
55-9 
52.3 
48.5 
44.7 
40.8 
36.7 


# Caled 
[presi hector’ 


ra 
°| 


> 
d& 
wo 


I 
15 
18 
1 
8 
13 
16 
i 
11 
16 
3 
8 
a 
16 
2 
2 
4 


Mtn OR OBA HSE OO 
pi ee ee Oe Oe ee oy 
A NDWONWUNO O 
PHKD HD HWWWOW fH 


ra 
°| 


alsa 
» 
Ne) 
Ov 


Hie 
rnieotats 


my 
im 


bd 
_ 
BS 


= 
EG a HOON ONES OS AG tO ON ONS ta 
bat tt i eS) 
DO Ho 
NON HOF 


ROR DOL AOR OHH 
Run DO DAW Ow 


He YH DD DNWWWW WH 


eat | anoint oceion 


HI 
raest loool 


I I = 
coleo'|aaesls'S |e colon’ 


a 
HH KYWOKWYKWWARAUN 


48 


TABLE 24.—Continued 


PROPERTIES OF UNEQUAL LEG ANGLES 


Vertical 


Moment of Section Radius of 
Inertia Modulus Gyration 


Size of Angle 
of Longer Leg 
Distance from Center 
of Shorter Leg 
Vertical 


Thickness 


Weight per Foot 
Distance from Center 
of Gravity to Back 
of Gravity to Back 
Maximum Bending 
Moment @ 16,000 Lbs. 
per Sq. In. Long Leg 
Maximum Bending 
Moment @ 16,000 Lbs. 
per Sq. In. Short Leg 


Axis is | Axis | Axis | Axis | Axis | Axis 
I-I I-I | 2-2 | 1-2 | 2-2 | 3-3 
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TABLE 24.—Continued 
PROPERTIES OF UNEQUAL LEG ANGLES 


@ 16,000 Lbs. 
per Sq. In. Long Leg 
g 
,000 Lbs. 
Vertical 


Vertical 


Moment of | Section Radius of 
Inertia Modulus Gyration 


of Longer Leg 
Distance from Center 
of Shorter Leg 


Size of Angle 
Distance from Center 
of Gravity to Back 
of Gravity to Back 
Maximum Bending 
per Sq. In. Short Leg 


Maximum Bendin 


Thickness 
Weight per Foot 
Moment @ 16 


Moment 


Axis is | Axis | Axis | Axis | Axis 
I-I 2-2 | I-I | 2-2 
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TABLE 24.—Continued 


PROPERTIES OF UNEQUAL LEG ANGLES 
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TABLE 24.—Continued 


PROPERTIES OF UNEQUAL LEG ANGLES 


Vertical 


Vertical 


Moment of |” Section Radius of 
Inertia Modulus Gyration 


of Longer Leg 
Distance from Center 
of Shorter Leg 


Thickness 


of Gravity to Back 
of Gravity to Back 
Maximum Bending 
Maximum Bending 
Moment @ 16,000 Lbs. 


Moment @ 16,000 Lbs. 


Size of Angle 
per Sq. In. Long Leg | 


Distance from Center 
per Sq. In. Short Leg 


Weight per Foot 


Axis | Axis | Axis | Axis is | Axis | Axis 
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TABLE 25 


AREAS OF ANGLES 


AREAS IN SQUARE INCHES 
DIMENSIONS IN INCHES 


ANGLES WITH EquaL LEGS 


SIZE 
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TABLE 26 


WEIGHTS OF ANGLES 


ANGLES WITH EQuaL LEGS 


WEIGHTS IN PouNDS PER Foor 
Dimensions IN INCHES 


Size 
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TABLE 27 
OVERRUN OF PENCOYD ANGLES 
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TABLE 28 : 


OVERRUN OF PENNSYLVANIA STEEL Co, :ANGLES 


Overrun of Angles in Inches 


Size of 
Angle 


Inches 


Thickness in Inches Maximum Length of Angles 
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TABLE 29. 
CARNEGIE ANGLES. 
Net AREAS AND ALLOWABLE TENSION VALUES IN THOUSANDS OF PouNDs. 
Maximum Fiber Stress, 16,000 Pounds per Square Inch. 


Net Areas and Stresses—Two Holes Deducted. 


See #, Inch Rivets. # Inch Rivets. & Inch Rivets. 


Pounds. 


Area, Area, Area, 
Inches?, Ne Inches?, St Inches?. eset 
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TABLE 29.—Continued. 
CARNEGIE ANGLES. 
Net AREAS AND ALLOWABLE TENSION VALUES IN THOUSANDS OF POUNDS. 
Maximum Fiber Stress, 16,000 Pounds per Square Inch. 


Net Areas and Stresses—One Hole Deducted. 


Size, Scores See aod Area, % Inch Rivets. ¢ Inch Rivets. = Inch Rivets. 


Inches. | Inches. | Pounds. Inches?, 


I aes Stress. cage Stress. Pas Stress. 
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TABLE 29.—Continued. 
CARNEGIE ANGLES. 
Net AREAS AND ALLOWABLE TENSION VALUES IN THOUSANDS OF PoUNDs. 
Maximum Fiber Stress, 16,000 Pounds per Square Inch. 


Net Areas and Stresses—One Hole Deducted. 


Thick- | Weight 7 : . 
utioer Foot: te $ Inch Rivets. 4 Inch Rivets. = % Inch Rivets. 
Inches. | Pounds. 


Area, Area, Area, 
Inches?. . Inches?. Scat Inches?, a 
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TABLE 30 
SaFE Loaps, IN Tons, FoR EquAL LEG ANGLES 


AMERICAN BRIDGE COMPANY STANDARDS 


LENGTH OF SPAN IN FEET 
S1zE OF ANGLE 


I 2 3 4 5 6 7 8 9 
898!" 93.493|46.747|31.164|23.373| 18.699] 15.582/13.356|11.687| 10.388 
44-640|22.320|14.880/11.160| 8.928] 7.440] 6.377) 5.580| 4.960)4. 

66!" 45.707|22.854/15.236]11.427| 9.141| 7.618] 6.529] 5.713] 5.078)4. 
18.827| 9.413] 6.276) 4.707) 3.765|_3.138]_2.689|_2.353|_2.092 

yg 6! 30.933|15-467|10.311| 7-733] 6.187] 5.156] 4.419] 3.867| 3.437)3. 
NS 12.907|_ 6.453 4.302] 3.227] 2.581] 2.151] 1.844] 1.613] 1.434|T. 
16.053] 8.027] 5.351) 4.013] 3.211| 2.676] 2.293] 2.007] 1.784|1. 
_5-600}_2.800) 1.867] 1.400 _1.120|__.933|__-800) _.700 16221. 
12.000] 6.000] 4.000] 3.000} 2.400] 2.000} 1.714] 1.500] 1.333 
2.720| 1.360] .907|__ 680] .544)_-453|__-388]_ .340|_-302| . 
6.933| 3-467| 2-311] 1-733] 1.387] 1.156] .990| .867] .770] . 
_1.600} 800} .533]__ -400)__.320 .207| _.229] _.200| __.178 
"4.747| 2.373| 1.582] 1.187/ .949| -791| .679) .593] -527| - 
1.333] -667) 444] 333) -267|.222! .190|__.167|_.148 
3.893] 1.947) 1.298) 973] +779] -649| .556) 487) .433 
1.067] .533)_ -356|__.267 -213\) 178] 59.152] -133|) 118 
3-093] 1.546| 1.031) .773|, .619| 515) .442] 387] .344] - 
__ 853) -427 284) .213) 171) __.142|_.122| 107] .095 
2.133) 1.067), 2711|. .533|) 427 2356) 305 coz iueecariae 
693|__-347|__-231|_-173|__-139|__-116)_ .099|__.087|__.077| . 
1.600; 800) :533] 400] .320| 267) 220) 2600/9 178in. 
__.533|__-267|__.178] _.133]__-107|__-089] _.076) __.067|_.059) . 
E013 507) 8338), 253 -203|) =sn6o|) eral neler 
__ +384] 192] .128| 096) __.077 1064} 055] .048] __ .043 
5871" 4293) 3196) <147|)  .117/<2098|— --084|) +073) 005) sole 
.261)_.131|__.087| 065] 052] .044) .037] .033] _.029] .026) . 
304), <052|  s1O1|" 1.076) .O61) {OFT 043) 030m O34 enOZOlee 
__-213| .107|_.O71}__.053] _.043]_-036/ 030] __.027|__.024) .021 
299). .I49|= :090|. .075) 1060] .050;7 9.0431" 037.03 3O20 nn 
-149]_-075| 050] .037| 030] _.025| .021| _.019]__.017| .O15 
176) .088] .059} .044] .035] .029] .025} .022] .020) .o18] . 
-096} .048] 032] .024| 019] .o16}" .o14) .012) -O11| .O10} . 


+128) .064| .043] .032| .026/ .021] .o18] .o16| .o14| .013 
__ 069) .035| .023| .017) .014] .012] -O10} .009] __.008| .007| . 
.060} .030] .020] .015] .012] .oI0} .009] .007} .007| .006} . 
1047} .023| _.016] _.012| .009| __.008] _.007| 006) _.005]_.005 
.037| .O19] .O12] .009] .007/ .006) .005] .005} .004] .004} .003 
.029| .O1S5} .O10] .007| .006) .005} .004} .004| .003| .003] .003 
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Safe Load in tons of 2000 pounds uniformly distributed, for maximum fiber stress of 16,000 
pounds per square inch. The Safe Load includes weight of Angle. The Safe Load for Angles of 
intermediate thickness can be assumed as approximately proportional to their area or weight. 
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TABLE 31 
SaFE Loaps, In Tons, For UNEQuAL LEG ANGLES 
AMERICAN BRIDGE COMPANY STANDARDS 


LENGTH OF SPAN IN FEET 
SIZE OF ANGLE 


Vertical 
Leg 


I 2 3 4 5 6 q 8 9 0) aR I2 


V 8 |80.586|40.293|/26.862/20.147/16.117|13.43 1|11.512|10.073|8.954/8.05817.326|6.715 
8x6" |__|_© _|47-573/23-786|15.857/11.893| 9.515] 7-928] 6.796|_5.946)5.286|4.757|4.325|3-964 

a 37-706|18.853/12.568| 9.426] 7.541| 6.284] 5.387| 4.713)4-189|3.771|3.428|3.142 
22.560/11.280| 7.520] 5.640] 4.512] 3 760] 3.222 _2.820]2.567|2.256|2.05 1|1.880 
73-488 |36.744|24.496|18.372|14.696/12.500)10.498| 9.186|8.165|7.349/6.681/6.250 
16.079} 8.039] 5.359] 4.020] 3.216] 2.679] 2 297| 2.010/1-786|1.608|1.461/1.340 
34.312|17.156|11.437| 8.578) 6.862] 5.718] 4.901) 4.289|3.812/3.431|3.119|2.859 
7-801] 3.900] 2.600] 1.950] 1.560] 1.300] 1.114) 0.975 0.867 |0-780]0.709|0.650 
56.427/28.213|18.819)14.107|11.285] 9.404] 8.061] 7.053]6.270]5.643/5.130|4.702 
15.787] 7.893 _5-262| 3.947 3-157] 2.631] 2.255] 1.973|1.754|/1.579|1.435|1.316 
23.093|11.547| 7-698] 5.773] 4-619] 3.845] 3.299] 2.887/2.566/2.309]2.099]1.924 
6.720} 3.360] 2.240) 1.680} 1.344] 1.120) .960| .840) .747| .672| .611| .560 
42.773|21.387|14.257|10.693| 8.555] 7.129] 6.110] 5 347/4.753|4.277/3.88813.564 
20.213|10.107| 6.738] 5.053) 4.043| 3.369] 2.888] 2.527|2.246|2 021 1.838/1.684 
17.707| 8.853] 5.902] 4.427] 3.541] 2.951] 2.529] 2.213]1.967|1.771|1.609|1.476 
8.533] 4.267] 2.844 2.133] 1-707] 1.422] 1.219] 1.067] .948| .853] -776| .711 
41.760|/20.880/13.920/10.440] 8.352] 6.960] 5.966] 5.220|4.640|4.176|3.796/3.480 
15.467] 7-733| 5-156) 3-867) 3.093) 2.578] 2.209] 1.933|1.719|1.546|1.407|1.289 
14.613] 7.307| 4.871) 3.653] 2.923] 2.435] 2.087] 1.827/1.624/1.461|1.328]1.218 
_5-547|_ 2-773| 1-848] 1.386] 1.109] .924| .792| _-693|_.616] .555| .504| .462 
26.613/13.306) 8.871} 6.653] 5.323] 4.435] 3.802] 3.327/2.957|2.661/2.418|2.217 
17-653| 8.826) 5.884] 4.413] 3.531] 2.942] 2.522] 2.207|1.961|1.765|1.605/1.471 
12.480] 6.240| 4.160] 3.120] 2.496] 2.080] 1.783] 1.560]1.387|1.248]1.134|/1.040 
_8.373|_4-186| 2.791) 2.093] 1.675] 1.395| 1.196] 1.046] .930|_.837)_.761) .697] 
26.026|13.013| 8.675! 6.506! 5.205] 4.338) 3.718] 3.253|2.892|2.603/2.366|2.160 
13.440] 6.720] 4.480] 3.360] 2.688] 2.240) 1.920] 1.680|1.493|1.344/1.222|1.120 
10.346] 5.173] 3-449| 2.587) 2.069] 1.724] 1.478] 1.293]/1.149|1.035] .941| .844 
5-440| 2.720] 1.813] 1.360] 1.088) .907)_.777| _-680}. .604) .544) .494| .459 
23-733|11-867| 7.911| 5-933] 4-747] 3-955) 3-390] 2.967|2.637|2.373|2.157|1.977 
9.280] 4.640] 3.093] 2.320} 1.856] 1.546] 1.326) 1.160/1.031) .928| .843| .773 
10.080] 5.040] 3.360] 2.520] 2.016) 1.680] 1.440] 1.260]1.120|1.008] .931] .840 
_4.000} 2.000] 1.333) 1.000) .800 __.666} .571) __-500|_.444] .400] .363] .333 
19.306] 9.653] 6.433] 4.827| 3.861] 3.217] 2.758] 2.413|2.145/1.931|1.755|1.689 
9.120 4.560] 3.040] 2.280 1.824] 1.520] 1.303] 1.140/1.013] .912] .829]_.76c 
8.213| 4.106] 2.738] 2.053] 1.643] 1.369] 1.173] 1.027] .913] .821] .747| .684 
4.000] 2.000] 1.333] I.000] .800) .666} .571| .500} .444] .400} .363] .333 
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Safe Load in Tons of 2000 pounds uniformly distributed, for maximum fiber stress of 16,000 
pounds per square inch. The Safe Load includes weight of Angle. The Safe Load for Angles of 
intermediate thickness can be assumed as proportional to their area or weight. 
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TABLE 31.—Continued 
SaFE Loaps, IN ToONs, FOR UNEQUAL LEG ANGLES : 


AMERICAN BRIDGE COMPANY STANDARDS 


LENGTH OF SPAN IN FEET 
S1zE oF ANGLE 


Vertical 
Leg 


I 2 3 4 5 6 7 8 9 Io II 


15.573|7-787 |5-I91 |3-893 |3.115 |2.695|2.225|1.947|1-730|1.558/1.416)1. 
12.267/6.133 |4.089 |3.067 |2.453 |2.044|1-752/1.533|1-303|/1-227|1.115 
6.720)3.360 |2.240 |1.680 |1.344 |1.120] .960] .840] .747| .672| .619]-. 
5 -333)/2-667 |1.778 |1.333 |1.067 | .889] 768) .667] .592) -533) -485 
1§.307|7-653 |5-102 |3.827 |3.061 |2.551/2.187|1.913|1-701/1.531/1.391 
pas. 8.960|4.480 |2.987 |2.240 |1.792 |1.493|1.280|1.120] .995|- 896] .814) . 
4X3 §-333|2-667 |1.778 |1.333 |1.067| .889| .762| .667] .593] .533] .485) . 
3.200]1.600 |1.067] .800] .640] .533] .457| .400] -355| .320] .297]| . 
11.627|5.813 |3-875 |2.907 |2.325 1.938 1.661|1.453]1-291|1.163/1.057] - 
4.053|2-026 /1.351 |1.013 | 811] .675] -599 -507|_-451]_.405 368 
7.413)3-707 |2.471 11.853 |1.483 )1.235|1-059) .927| -824] .741| .674) - 
2.613|1.307 | -871| .653| .523| .435|_-373| -327| -290| -261| .237| .2 
7.253|3-627 |2.418 |1.813 |1.451 |1.209|1.036] .go7] .806] .725] .659] . 
2.027|1.013 | .675| .507| .405]| .338| .289] .253] -225| .203] .184] . 
5.013|2.507 |1.671 |1.253 |1.003 | .835] 716] .627| .557] -501| .456] - 
1.440] .720| .480| .360| .288] .240) .206] .180] .160) .144| .131] - 
11.733|5.867 |3.911 |2.933 |2.347 |1.955|1-676|1.467/1.304/1.173]1.067] . 
8.800] 4.400 |2.933 |2.200 |1.760 |1.578]1.257|1.100] .978] .880] .800) . 
4.160|2.080 |1.387 |1.040| .832]| .693] .594| .520| .462] .416) .378] . 
3-093] 1-547 |1-031]_-773 | -619|_.515| -442| .387] -344| .309| .281 
9.867) 4.933 |3-289 |2.467 |1.973 |1.644]1.409|1.233|1.096] .987| .897] . 
§.280|2.640 |1.760 |1.320|1.056]| .880] .754| .660] .587| .528] .480] .4. 
4.000|2.000 |1.333 [1.000] .800| .666] .571] .500] .444] .400] .364] . 
2.187|1.093 | -729|_-547| -437 | .364| .312| .273|_-243] -219| -199] - 
5.600|2.800 |1.867 |1.400 |1.120] .933] -800] .700] .622] .560] .509] . 
2.027|1.013 | .675| .507| -405 | .338| .289) .253| .225] -203] .184] . 
3.840/1.920 |1.280] .960] .768| .640] .548| .480/ .427] .384| -349] - 
1.387) _-693 | .462| .347| .277| .231| -198| .173] -154] 149] .126) . 
6.933|3-466 |2.311 |1.733 |1.386 |1.155| .990| .867] .770] .693] .630] . 
2.827/1.413 | .942] .707| .565 471) .404|_-353]_-314 5283) 257 ee 
3.360|1.680 |1.120] .840] .672] .560] .480] .420| .373] .336] .305 
| 1.387| -693 |_.462| .346| .277) .231] .198| .173)_-154| -148] .126] . 
2.507|1.253 | .835| .627] .501] .418] .358] .313] .278| .251| .228). 
-693|_-347 | -231| -173 | -139| -I15 .099|_.087| .077| .069 .063] .057 
6.240/3.120 |2.080 |1.560 |1.248 |I.040] .891] .780| .693] .624! .567| . 
5-547|2-773 |1-849 |1.387 |1.109 |_.924! .792| .693|_ 616) _.555| -504|_- 
6.240/3.120 |2.080 |1.560 |1.248 |1.040| .891| .780] .693} .624| .567] . 
§.067|2.533 |1-689 |1.267 |1.013 | .844] .724] .633| -563 -507 461 
6.133 |3.067 |2.044 |1.533 |1.227 |1.022] .876| .767| .681| .613] .557] . 
_4.373]2-187 |1.458 |1.093 | .875 |_.729| -625] .547| -486) .437| -397|_- 
2.293|1.147| .764.| .573] .459| .382] .328] .287] .255] .229] .208] . 
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Safe Load in tons of 2000 pounds uniformly distributed, for maximum fiber stress of 16,000 
pounds per square inch. The Safe Load includes weight of Angle. The Safe Load for Angles of 
intermediate thickness can be assumed as approximately proportional to their area or weight. 
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TABLE 31.—Continued 


SAFE LoaDs, IN Tons, FoR UNEQUAL LEG ANGLES 
AMERICAN BRIDGE COMPANY STANDARDS 


LENGTH OF SPAN IN FEET 


SIZE oF ANGLES 


Vertical 
Leg 


us 2 5 6 7 8 nae) 


5.333. |2-007 |1- 1.067 | .889 | .762 | .667 5331-485 | .444 
2.507 |1.253| . : SOD | ATS <358 (e303 lie -251| .228 | .209 
2.187 |1.093 | . 3 ABT Wee BOSu|eau 24)-2 73 -219 | .199 | .182 
L007 NaF 33408 é -203 | 70 «1520.33 -107 | .097 | .089 
3-733 |1.867 |T. . .747 | 622 | .533 | .467 -373 | -339| -311 
2.453 |1.227| - _-613 | .491 | .409 | .350| .307|. 245 | .223 | .204 
WSAT NNT 73 ESS 7. GOO 259 le22e TOs |e Seis) SU || (1130) 
FO074\5 -633.| = RAST / | PU || euiass Paige |i Grieenll .107 | .097 | .o89 
2.453 |1.223 | . -613 | .491| -409 | .350| .307]. 245 | .223 | .204 
1.280| .640] . 32010250). 21 3) er San) LOO. .128 | .116| .107 
LANL vA GEO c 6387. |8- 309-256 22TH) LOSt ie -155| .141 | .129 
.800] .400] . <200)|) . TOONE- £340) ek b4n) 100. |, -080 | .073 | .067 
PRS AT e173 ae Ay SVAl) eke H aston lesteiis || exOBI! & 52315 203) |ekOS 
E007. |rA'535| ns .227| .181] .I51 | .129| .113 |. O91 | .082 | .075 
E-AQZ TAT. |): $3.73) | 290-240-203) to7 le 149 | .136] .124 
587] .293] . LATA LET |le-O9Sal -O84)".073 -059 | -053 | 049 
1227) 013 | R307 2 4etl ee ZOAu aC Teale 23 ell Lao? 
1285211 70') 088 | .070| .059 | .050] .044 | . .035 | .032| 029° 
2.880 |1.440| . -720| .576| .480 | .411 | .360 .288 | .262 | .240 
13971093) lee -347 |_-277 | -231 | -198 | 173 -139 | -126| .115 
122/783) |e BB Ora) 245) 2OA Se Galea Sule 2123) |/-11L |. 102, 
-587 |_-293 |. - -147 |_-117 | .098 | .084 | .078 | . .059 | .053 | .049 
12813 )\.0071\". PACH 2302) sGO2 2 GOle2 7, ALOT peLOS 0.05 5 
FOOT INES SSN. .267 |_.213 | -178 | .152 | .133 .107 | .097 | .089 
1693) |) <3.477)|| = BE 3 eels Ouest enOOONnOS 7, .069 | .063 | .058 
-400| .200] . -100| .080 | .067 | .057 | .050 .040 | .036| .033 
1.760| .880] . 440 | .352| .293 |..251| .220 .176| .160| .147 
-907| .453]| .- P27 ee LOL i LG kale 2 Oil las _,091 | .082 | .075 
.960} .480] . .240| .192] .160 | .137| .120 .096 | .087 | .o80 
COTM ee 5 lilt .125 | .100| .083 | .072 | .063 | .056| .050| .045 | .042 
F227 OT |). #307) |"224'5)|| 204 (1755) 053 )-130| 123) 211) 102 
NAS .129| .103] .086 | .074 | .065 | .057| .052 | .047 | .043 
.960} .480] . .240] .192| .160 | .137| .120] .107 | .096] .087 | .o80 
.400| .200] . .100| .080| .067 | .057]| .050/] .044.| .040| .036| .033 


bo 


SY Nee 


ww 


bo 
bd die 


24" x4 2! 


iS} 
is bik 


nS) 
Paleo bole 


me 
alcobo| 


mh 
bol bole 


me 
toletto| 


me 
Nihil 


n 
ie} 
=] 
Z 
o 
a 25 
4 2 
3 4 
eS) 
zZ 
i=) 


mb 
bol RI 


=] 
di- LS) 


2" 13” 


= 
wie S 


ol 
eo) SS 


BUS 12” 


al 
aloo S 


= 
an & 


2"~X 13” 


Lal 
IH & 


Safe Load in Tons of 2,000 pounds uniformly distributed, for maximum fiber stress of 16,000 
pounds per square inch. The Safe Load includes weight of Angle. The Safe Load for Angles 
of intermediate thickness can be assumed as proportional to their area or weight. 
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TABLE 31.—Continued 
Sare Loapbs, IN Tons, FOR UNEQUAL LEG ANGLES 


AMERICAN BRIDGE COMPANY STANDARDS 


LENGTH OF SPAN IN FEET 
S1zE oF ANGLE 


Vertical 
Leg 


4 6 Io 


240]. .160 |. .096 | . 
127 |. 084 |. é d .O51 
PAS Ne .083 |. : : .050 
.069 | . .046 | . : F .028 | . 
227s Aitlss ah ; : .O9I 
411 |. .103 | . .068 | . 4 d O41 
496 : 124]. 083 | . : : .050 
.229 4 .057 | « .038 |. dl é .023 
853]. OR ENN BAD lo : x 085 
.603 | . Gall 100 | . E : .060 | « 
eS Sule : Isic 089 | .076 | . : 053 
.389 .097 |. .065 |. F i .039 |. 
565 SYA |e .094 | . ; : 056 |. 
Reis .079 |. 052 |. : 3 .031 
304 | .152 .076 |. O51 |. .030 
-I71 | .085 043 |. 028 | . ‘ O17 
432 |..216 108 |. 1072 : 043 
-187 | 093° .047 |. 031 |. : -021 | .O19 |. 
.299 | .149 075 |. 050 |. : .030 
.139 | .069 | .046 | .035 | . .023 | . 0171. O14 
.251 | .125 | .083 | .063 | . 042 | . 025 
.128 | .064 | .043 | .032 | AOP Ai |e 013 
256 | .128 | .085 | .064]. .043 |. ; .026 
-144 | .072 | .048 | .036 | . O20 ule O14 
224 | 112 | .075 | .056] . .037 |. .028 |. .022 
+133 | .067 | .044 | 033 |. 1022) SOL7ENs 013 
160 | .080 | .053 | .040 | . O27 \fn .020 |. 016 
.O9T | .045 | -030 | .023 | . .O15 | .O13 | .O1T |. .009 | . 
.219 | .109 | .073 | .055 | . .036 |. 027 |c. .022 
.O9I | .045 | .030 | .023 | . 01S |. COURSE .009 | . 
PD bul O 774 ROS UnOsOnie .026 |. O19 | .O17 | .O15 
.064 | .032 | 021 | .016 | . OIE |. .008 | .007 | .006. 
O91 | .045 | .030 | .023 | . LOESa| OII | .O10 | .009 | . 
.029 | .O14 | .O10 | .007 | . 005 | . .004 | .003 | .003 
.117 | .059 | .039 | .029 | . Org |. O15 | O13 | .o12 
.048 | .024 | .016 | .012 |. .008 | . .006 | .005 | .005 


= 
jo | I Ico 


= 
I cole 


Colna aes 


= 
al 


n 
Q 
i 
o 
5 
a 
1) 
Q 
A 
4 
<a 
Pp 
o 
a 
Z 
=) 


lar 


in 
he 

eo 
oh 
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oO 


plea mt 


we |Co 


olen et 


Olt et 


toltoo]a 


_ 
eo 


5. 
32 


| 
° 


dH! 


Safe Load in tons of 2,000 pounds uniformly distributed, for maximum fiber stress of 16,000 
pounds per square inch. The Safe Load includes weight of Angle. The Safe Load for Angles of 
intermediate thickness can be assumed as approximately proportional to their area or weight. 
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TABLE 32. 
MomMENTs OF INERTIA OF Four ANGLES witH EquaL Leos, Axis X-X. 


Tt 
ce ie J lager | Recees 
Axis X-X, 1 from 
Equal Legs. H Back to Back. 
Ail ee 
ay” Ss 24! elt >4 le 

Thick. Ps!’ we y Wa arr te" 40 Thick. YT fy” arr ia! aur es! gir 

Area 4|s| 3.60 | 4.76 | 5.88 | 6.92 | 8.00 g.oo jArea4|s| 5.76 7-12 8.44 9-72 | 1.00 | 12.24 | 13.44 
qd’ SiWtam ents of Inertia About Axis X-X, In.4, d’”’ Moments of Inertia About Axis X-X, In.4, 
Erp myer 27) 374 354 35°] 6645) 48. | «46 ke g4 | A6rol 668 fr75 1580 
paeito 25 | 3016351 39 1 43] 6 42 | bo | 58 | 67) 75 | 083 | 488 
Oey 2h) 28) 33) 39) 44) 48 | -7 | 46) > 55.) 65 | 73. | 82°) 89} 96 
penpres | 30) 5719143 |} 481" 53-1 7k] 501 60 | 70 | 80.] 89| «97 Fi ro4 
Gry 20) 33!) 40) 47) 53 |~ 58) 72 | 54 | 65 | 76 | 86.) 96 | 106 |in14 
62 280 GOnlcdde | | Sr 58 64. 73 58 70 82 OZ 1O4 | ITA 123 
7 Srile4On |) 48h as601) 64 70 8 62 76 89 |-tors|) £137) 124) | 133 
Copies sess) 5 524) OF 69+) ' 76) 821 67°) Br fo 295 | 08 far21 || 233) ) 7843 
75 BOLO ees 7 a O0lle 75 83 83 2 87 sLO2 sei TOM ets Ommr 43 amen 57. 
eat sor so» Ole o7t | 8r<] 4 89 | 82). 77-1 94 1TO. b¥Z5 9] 139 | 453.) 46s 
8 A2a esas |) 66a 77 87 96 9 S20 8 LOOn |eti7 ns sie et 4O)o Oda te77, 
8t 45 58 71 82 94 | 104 Oz S72 | LOOM TIS h4 2a leer soe tet SO 
83 AS amO20\ 700) Sale TOT =| 114 9 OZ ALIsM 134) eS te 1008 SOME2or 
83 Ete CON oie S94 tTOS 119 Qt 99) |) 120. IAT rO1e |e 180) | 1698) | jeoTa 
9 SA eel S7almlOten a i05 Wy al27) |. 10 TOSH || T2770 USO, el 7 tells LOM ee lee-225 
gt 58 75 OP |p Wy |) TAG Ne TeX Ny eye teal) TRICE | pices || diehe wow) || 933 |) Dra: 
9 COM mmOON MOON EL LAN |e 1308 e145 | elOsm| ori7) 43) | TO? We1On el 2TAn e226 qle2n6 
gi CoameS SMIELOA SIZ N13 Oe 1545 |s TOs 1230) 150 ur 77aqie202 leo 2 Onl 2 4om (E270 
10 GOMROON TION T2GNlNT4 7" | eTO3) |) LE 130) || Tso) ) 1867 le2738 || 2308) 263" |) 285 
104 HEE Ose eULOM TsO Ie ISSuler72) | etis) «| 13/70) 167 "| Toby e22e0eeosn | 277 13200 
103 ViyOON L2G PEA le LO*M | eTS2e1— TT e|| 144 | 176) | 206-) 237= | 26A4q) 202) e316 
10? SE eOOn MIs On IS Tale 73aletO2N Tle lS ce | Lod e207 eq cmieo7omlesO7 leaa8 
II SS eee es aula SO eS aile2O3 12 TESe LOS) e227 lez OOM ZO2 ml Ngz2mlEGAG 
Ilt COMMUITAETAd a TOS |e TOZ a) 214124 | 166) | 203) 9238 39272) 91 306.1338) 18366 
cos Of Mele see Comal 7One 202 e226) Nera" | 174" || 2027 e250 e285 gzonesca. 384 
112 COMMIZOMETECMIETOCMIE2I20 2361) 124 (| 188 | 22200961 | 2080/2335) les70) | 402 
12 LOAM IGS | PIGON  TO4g/82220)| 247 -|| 13 L8ON | 232 seo 7a oes BOM es Oral ZO 
124 | 109 | 142 | 174 | 203 | 233 | 259 | 132 | 198 | 242 | 285 | 325 | 366 | 404 | 439 
i LISI SCaleO2e 21Oul 2440) 270) 13218) 206 | 252 $207 9330 382.9422 eas 
12% | 119 | 155 | 190 | 222 | 255 | 283 | 13% | 215 ) 263 | 309 | 354 | 398 | 439 | 478 
13 T2Aa LOD TOS e|. 232 19 26641206 | 14 224 | 274 | 322 | 368 | 414 | 458 | 498 
13% | 129 | 169 | 207 | 242 | 278 | 309 | 14% | 233 | 285 | 335 | 383 | 431 | 476 | 518 
13g | 134 | 176 | 216 | 252 | 290 | 322 | 145 | 242 | 296 | 348 | 399 | 448 | 496 | 539 
mage ei4oul 183) 0225 | 263°) 302 | 336 | 142 4 251 | 307 | 362 |. 414) 466 | 515 | 560 
14 | 146 | 191 | 234 | 273 | 314 | 350 | 15 | 261 | 319 | 376 | 430 | 484 | 535 | 582 
14% | 151 | 198 | 243 | 284 | 327 | 364 | 15% | 270 | 331 | 390 | 446 | 502 | 555 | 604 
14% | 157 | 206 | 253 | 295 | 339 | 378 | 154 | 280 | 343 | 404 | 463 | 521 | 576 | 626 
14% | 163 | 214 | 262 | 307 | 352 | 393 | 152 | 290 | 355 | 419 | 480 | 539 | 597 | 649 
5 169 | 222 | 272 | 318 | 366 | 408 | 16 300 | 368 | 434 | 496 | 559 | 618 | 673 
154 | 175 | 230 | 282 | 330 | 379 | 423 | 162 | 311 | 381 | 449-| 514 | 578 | 640 | 697 
15% | 182 | 238 | 292 | 342 | 393 | 438 | 163 | 321 | 394 | 464 | 532 | 598 | 662 | 721 
15% | 188 | 246 | 303 | 354 | 407 | 454 | 162 | 332 | 407 | 480 | 550 | 619 | 685 | 745 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 
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Moments of Inertia 


of Four Angles, 


Axis X-X, 
Equal Legs. 


‘ 


TABLE 32.— Continued. 
Moments OF INERTIA OF Four ANGLES wiTH Equat LEGs, Axis X-X. 


3%''X 374!" 


For Distances 
Measured 


from 
Back to Back. 


eC eae Cee 


17.36 |Area 4|s 


Thick. ts fod ye!’ a 2’ gr ea! 
Area 4[s| 8.36 ie 11.48] 13.00] 14.48] 15.92 
ay: Moments of Inertia about Axis X-X, In,4, 
72 | 73| 86] 97] 109] 119] 129] 139 
72\ | 79\ 93) 105 | I18| 129] 140] 150 
8 86 | 100 | 114. | 127] 139] I5r}| 163 
8% | 92/108} 122]137| 150) 163] 175 
83 | 99)116|131|147| 161] 175] 189 
8% | 106 | 124 | 141 | 157] 173] 188] 203 
9 113 |132|150|168| 185| 201] 217 
9¢ |120]141|161| 180] 198] 215] 232 
93 |128|150|171|192| 211| 229] 247 
9% |136| 160) 182 | 204 | 224] 244| 263 
IO | 144] 169 | 193 | 216] 238] 259| 280 
10g | 153/179 | 205 | 229) 253) 275] 297 
10% |162]190| 217|243| 267) 291 | 315 
10% | 171 |200| 229|257| 283| 308] 333 
II | 180] 211 | 241 | 271] 299] 325] 352 
11g | 189 | 223 | 254 | 285 | 315]. 343] 371 
IIz | 199 | 234 | 268 | 301 | 332] 362] 391 
I1z | 209] 246| 281 | 316| 349; 380] 411 
12. | 220] 258 | 295 | 332 | 366) 400] 432 
12g | 230) 271 | 310/348 | 385| 419| 453 
12g | 241 | 284] 325 | 365 | 403) 440| 475 
12% |252|297|340| 382] 422] 460] 498 
rae 264 | 310/355 |399| 441) 482] 521 
134 | 275 | 324/371 | 417 | 461| 503] 545 
132 | 287 | 338) 387 | 435 | 481) 525] 569 
134 | 299|353|404|454| 502) 548] 594 
14 | 312 | 368 | 421 | 473 | 523) 571| 619 
142 | 324 | 383 | 438 | 493 | 545} 595 | 645 
143 | 337 | 398 | 456 | 513 | 567) 619| 671 
14a |351| 414 | 474) 533 | 590) 644| 698 
15 | 364 | 430 | 492 | 554 | 613) 669) 725 
15¢ | 378/446 | 511} 575 | 636) 695) 753 
15% | 392 | 462|530|596| 660) 721| 782 
15¢ |406| 479 | 549 | 618 | 685) 748) 811 
16 | 421 | 496 | 569 | 641 | 709) 775 | 840 
16g | 435 | 514 | 589 | 663 | 735) 803] 870 
165 | 450) 532 | 609 | 687 | 760] 831] oor 
16% | 466} 550| 631} 710| 787| 860] 932 
18 | 546| 645 | 740 | 834.| 924| torr | 1097 
18% | 563 | 665 | 763 | 860] 953] 1043 | 1131 
1853 | 580 | 685 | 787 | 887 | 982] 1075 | 1166 
18% | 598 | 706 | 811 | 913 |1012| 1107 | 1202 


Thick. 


dad’ 


20+ 


1 
60% 
603 


3” 
9-92 


ads 1// os 5I/ 
16 2 16 8 


pede 
£7.36 


11.48 | 13.00 14.48 15.92 


3// 
4 


18.76 


Moments of Inertia about Axis X-X, In.4.. 


836 

858 
1026 
1052 
1237 
1265 
1467 
1498 
1718 
1750 
1988 
2023 
2278 
2315 
2588 
2628 
2917 
2960 
3267 
3312 
3636 
3684 
4025 
4075 


g61| 1083] 1201] 1314] 1426 
987| I112| 1234] 1350] 1466 
TIST| 1332s) 14 77a\) LOR eens OF 
1210| 1364] 1514] 1657| 1800 
1424| 1606] 1782] 1952| 2121 
1456| 1642) 1823| 1997| 2169 
1690] 1907] 2117] 2319} 2521 
1725| 1946] 2161| 2367] 2573 
1979 | 2234] 2480] 2718] 2955 
2016 | 2276] 2528] 2770) 3011 


2291 | 2586] 2872] 3149] 3424 
2331) 2632) 2923] 3205| 3485 
2625 | 2965) 3294| 3611| 3927 
2669| 3014] 3348) 3671| 3993 
2983 | 3370| 3744| 4106| 4466 
3030| 3422] 3802] 4170] 4535 
3364} 3800) 4223] 4632] 5039 
3413 | 3856) 4285 | 4700) 5113 
3768 | 4257] 4731| 5190] 5646 
3820] 4316| 4797| 5262] 5725 
4194] 4740) 5268] 5780| 6289 
4249| 4802] 5337) 5856| 6372 
4644 | 5248) 5834| 6401] 6966 
4702! 5314) 5907| 6481 | 7053 


4434 |5117| 5783] 6429] 7055| 7678 


4487 
4863 
4918 


5177| 5852| 6505} 7139| 7769 


| 5612| 6344) 7053| 7740) 8425 
5776| 6416] 7133] 7828] 8520 


5312 | 6131] 6930| 7706] 8457| 9206 
5369 | 6197 | 7006| 7790} 8549| 9306 
5780 | 6672 | 7543] 8388] 9206 | 10022 
5840 | 6742) 7622] 8475) 9302 | 10127 
6269 | 7237| 8182} 9099] 9987 | 10873 


6331 


7309 | 8264] 9189 | 10087 | 10982 


6777 |'7824| 8847] 9838 | 10800 | 11758 
6842 | 7899 | 8931] 9933 | 10904 | 11872 


7395 


8435 | 9537 | 10607 | 11644 | 12679 


7372 | 8513 | 9625 | 10705 | 11752 | 12796 


7853 
7923 


9068 | 10254 | 11405 | 12521 | 13634 
9149 | 10345 | 11507 | 12633 | 13756 


8421 | 9724 | 10997 | 12232 | 13429 | 14623 
8494 | 9808 | LLOgI | 12338 | 13546 | 14751 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 


66 


1531 
1573 
1886 
1934 
2279 
2331 
2710 
2766 
3178 
3239 | 
3684 
3750 
4227 
4297 
4807 
4883 
5426 
5505 
6081 
6166 


6774 


6864 
7505 
7599 
8273 
8372 
9°79 
9182 
9922 
10030 
10803 
10916 
11721 
11839 
12677 
12799 
13671 
13798 
14701 
14833 
15770 
15906 


Moments of Inertia 


TABLE 32.— Continued. 
MomENtTs oF INERTIA OF Four ANGLES wiTH Equa Lrcs, Axis X-X. 


J 
Fl 


For Distances 


f Four Angles, 
Se ae xx j coe 
Equal Legs. ' Back to Back. 
= 
Size, 4X4! 
Thick, ay! aur we!’ a Ey, gr Thick. gil ra! 4!" $y!’ , gu ay ar 
Area 4|s g-60 | 11.44 | 13.24 | 15.00 | 16.72 | 18.44 |Area4|s| 11-44 | 13.24 | 15.00 16.72 18.44 20.12 21.76 
all Moments of Inertia About Axis X-X, In.4. d”’ Moments of Inertia About Axis X-X, In.4, = 
83 | 109] 128] 146] 164] 179] 195] 243 | 1398] 1612] 1819] 2016| 2215] 2408 2595 
8i | 117] 137] 157] 176] 192] 209] 242 | 1430] 1648] 1860| 2062] 2267| 2463| 2656 
9 125| 146] 168] 188] 205] 224] 262 | 1661] 1915] 2162] 2398| 2636] 2866] 3089 
9% | 133] 156] 179] 200] 219] 239] 26% | 1695] 1955| 2208] 2448] 2692| 2926| 3155 
9 141] 166] 191] 213] 234] 255] 28% | 1946] 2245] 2536| 2813] 3093] 3364] 3627 
Qt I50| 177| 203| 227] 249] 272] 285 | 1984] 2289] 2585] 2868] 3154] 3429] 3697 
se) 159] 188] 215| 241| 265| 289] 30% | 2255] 2602} 2939] 3262] 3587] 3902] 4208 
tot 169] 199] 228| 256] 281] 306] 303 | 2295] 2648] 2992| 3320] 3652] 3972] 4283 
103 | 179| 211| 241| 271] 297| 325] 32% | 2586] 2985) 3373] 3744| 4118] 4481| 4832 
log | 189] 223| 255| 286) 315-| 343| 322 | 2629] 3035| 3429] 3807| 4188] 4556] 4914 
II 199| 235| 269] 302] 332) 363] 34% | 2941] 3395} 3836] 4259| 4686] 5099] -5sor 
11g | 210) 248) 284) 319] 350| 383] 342 | 2986] 3448| 3896] 4326] 4760] 5179] 5587 
Ils 221} 261] 299] 336] 369) 403] 36% | 3318] 3831] 4329] 4808] 5290] 5758) 6212 
11g | 232| 274] 314|.353| 388] 424] 362 | 3367| 3887} 4393| 4879| 5369] 5843| 6304 
12 | 243| 288] 330| 371| 408] 446] 382 | 3718] 4293) 4853| 5391 | 5932] 6457| 6968 
I2z | 255] 302] 346] 389] 428) 468] 382 | 3769] 4353| 4920| 5466| 6016] 6548 | 7065 
123 | 267] 316| 363] 408] 449] 491] 40% | 4141] 4782] 5406| 6007| 6610] 7197| 7767 
12g | 280| 331) 380] 427] 471] 515] 402 | 4195| 4845| 5477| 6086} 6699| 7292} 7869 
13 293| 346| 397| 447] 492| 539] 42% | 4587| 5297| 5989| 6656) 7325) 7976) 8609 
13% | 306) 362] 415] 467) 515] 563] 423 | 4644] 5364) 6064) 6739| 7418| 8077] 8717 
133 | 319| 377| 434] 488] 538) 588] 44% | 5055] 5839) 6603] 7338| 8078] 8796] 9495 
13% | 333| 394] 452| 509| 561] 614] 442 | 5115} 5909, 6681] 7426) 8175] 8902) 9609 
14 | 347| 410) 471| 530) 585] 641} 462 | 5547) 6408, 7246) 8055 | 8867} 9656 | 10424 
14z | 361] 427] 491] 552] 609| 667} 463 | 5610) -6481) 7329] 8146) 8969) 9767 | 10543 
143 | 376) 444] 511} 575| 634| 695| 48% | 6061) 7003) 7919 | 8804 | 9693 | 10557 | 11397 
14% | 390| 462] 531] 598| 660| 723] 48% | 6127| 7079} 8006| 8900] 9799 | 10672 | 11522 
15 406| 480} 552] 621] 686] 752] 50% | 6599] 7624] 8623] 9587 | 10555 | 11497 | 12413 
15z | 421| 499} 573| 645} 713| 781] 502 | 6667| 7703; 8713 | 9687 | 10667 | 11618 | 12544 
152 | 437| 517| 595| 670] 740| 810] 52% | 7159| 8272) 9356 | 10404 | 11455 | 12478 | 13473 
15z | 453) 536] 617| 695) 767| 841) 525 | 7231) 8355, 9450) 10508 | 11571 | 12604 | 13609 
16 | 469} 556] 639| 720) 795] 872} 54% | 7742] 8946 Io1Ig | 11253 | 12392 | 13499 | 14577 
16; | 486| 576| 662] 746| 824] 903] 54% | 7816) 9032] 10217 | 11362 | 12512 | 13630 | 14718 
163 | 503| 596] 685| 772] 853| 935] 56% | 8348| 9647) 10913 | 12137 | 13365 | 14561 | 15724 
162 | 520| 616] 709| 799| 883] 968] 563 | 8425] 9736) 11014 | 12250 | 13490 | 14696 | 15870 
18 611 | 7241 834] 9391/1039] 1141| 58% | 8977/103'74) 11736 | 13054 | 14375 | 15662 | 16914 
181 | 630] 747| 850| 959| 1072 |1176| 584 | 9057|10467| 11841 | 13170 | 14505 | 15803 | 17066 
184 | 649| 770| 886] 999| 1105 |1213| 604 | 9629|11128) 12589 | 14004 | 15423 | 16804 | 18148 
182 | 669| 793| 913 | 1030|1138|1250| 60% | 9712|/11224| 12698 | 14125 | 15557 | 16950 | 18306 
20% | 793] 941 | 1084 | 1222 | 1353 | 1486] 62% |10303/11908 13473 | 14987 | 16507 | 17986 19426 
208 825| 967) 1114 1256] 1391 | 1527! 62% |10389|12007| 13585 | 15113 16646 | 18137 | 19589 
224 | 976| 1158 | 1335 | 1506 | 1668 | 1832] 64% |11001|12715| 14386 | 16004 | 17628 | 19208 | 20747 
224 | 1010 | 1187 | 1369 | 1543 | 1710| 1879] 64% |11089|12817| 14502 | 16134 | 17771 | 19364 | 20915 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 
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TABLE 32.— Continued. 
Moments oF INERTIA OF Four ANGLES WITH Equa Lecs, Axis X—X. 


To 
Moments of Inertia For Distances 
of Four Angles ».¢ x we Measured 
Axis X-X, a = d from 
Equal Legs. H Back to Back. 
lly i 
Size. OSS IaM 
Thick, | 3// ty! oa | Wa] g” | Thick. yy Fl! a Bf! 5 wat ar 
Area 4|s| 14.44 | 16.72 | 19.00 | 22.24 | 23-44 Area 4|s| 14.44 16.72 19.00 j 21.24 23.44 25.60 | 27.76 
d’’ |Moments of Inertia About Axis X-X, In.4,J d/” Moments of Inertia About Axis X-X, In.4. 
28% | 2377| 2743| 3107] 3457) 3802) 4139) 4474 
; 283 | 2423| 2797| 3168| 3524] 3877| 4220] 4562 
103 ALO | Asie || eval) Sesh 387 | 30% 2759| 3185} 3608] 4016] 4419| 4811 | 5201 
102 | 264] 303| 341 | 375 | 410] 302 | 2809) 3243] 3674| 4089| 4499| 4899| 5296 
II |, 279| 320] 360] 396 | 433 | 32% | 3170) 3660) 4148) 4618) 5082) 5434| 5984 
11g 294 | 337] 379] 418 | 457 | 32% | 3224] 3722] 4218] 4696| 5168} 5628| 6086 
I1z | 3091 355} 400) 441 | 482} 344 | 3610] 4169) 4725 5262 | 5792 | 6309] 6823 
11g | 325 | 373 | 420] 464 | 507] 342 | 3667] 4235| 4800) 5345| 5884| 6409) 6932 
12 | 342] 392) 442| 488 | 533 | 362 | 4079] 4712] 5341| 5949] 6549| 7134] 7717 
12% | 359] 412 | 464) 512 | 560] 362 | 4140) 4782"! 5420) 6037] 6646) 7241) 7833 
124 | 375| 432] 480) 537 | 588] 38 | 4577| 5287] 5994| 6678) 7352) S8o11) 8667 
122 394| 452] 510] 563 | 616] 384 | 4641] 5361| 6078} 6772] 7456] 8124| 8789 
13, | 412] 473 | 533 | 589 | 645 | 40% | 5103| 5896| 6686) 7449] 8203) 8939) 9672 
134 | 431 | 495) 558} 616) 675 | 403 | 5171) 5975) 6775| 7549] 8313| 9059| 9802 
133 | 450| 517| 583) 644 | 705 | 42 | 5659] 6539/ 7415 | 8264) g100| 9918 | 10733 
13% | 469| 540] 608| 673 | 737] 42% | 5730| 6622] 7509] 8368] 9216 | 10044 | 10869 
14 489 | 563! 634| 702 | 769 | 44% | 6243] 7215| 8182] 9120] 10045 | 10949 | 11849 
144 510} 586| 661] 731 Sor | 44% | 6318] 7302] 8281] 9230] 10166 | 11081 | 11992 
143 531| 610] 689] 762] 835 | 46% | 6857] 7924 |- 8988 | 10019 | 11036 | 12030 | 13021 
142 SO Cais SAU Aly Moy) 869 | 463 | 6935) 80r5| 9ogr | 10135 | 11163 | 12169 | 13171 
15 | 574) 660) 745 | 825 | 904 | 48% | 7499| 8667] 9831 | 10961 | 12074 | 13163 | 14248 
15¢ | 596] 686) 774 | 857 | 939 | 482 | 7581 | 8762] 9939 | 11081 | 12207 | 13308 | 14405 
153 | 619] 712] 804} 890 | 976 | 50g | 8170| 9443 | 10712 | 11945 | 13159 | 14347 | 15531 
15 | 642] 739| 834] 924 | 1013 | 503 | 8256| 9543 | 10825 | 12071 | 13298 | 14499 | 15695 
16 | 666 | 766} 865} 958 | 1051 | 52% | 8870 | 10253 | 11632 | 12971 | 14291 | 15582 | 16869 
16g | 690} 794 | 897 | 993 | 1089 | 523 | 8959 | 10357 | 11750 | 13103 | 14436 | 15740 | 17040 
103 715 | 822} 929] 1029 ; 1129 | 54% | 9598 | 11096 | 12589, 14040 | 15470 | 16869 | 18263 
163 739 | 851 | 961 | 1065 | 1169 | 54% | 9692 | 11204 | 12712] 14177 | 15621 | 17033 | 18441 
18 | 871 | 1003 | 1134 | 1257 | 1380 | 56% | 10356 | 11973 | 13585] 15152 | 16696 | 18206 | 19712 
184 899 | 1035 | 1170 | 1298 | 1424 | 56 | 10453 | 12085 | 13712] 15294 | 16852 | 18377 | 19897 
183 927 | 1068 | 1207 | 1339 | 1469 | 584 | 11143 | 12883 | 14618] 16306 | 17968 | 19595 | 21217 
18% 956 | 1101 | 1244 | 1380 | 1515 | 584 | 11243 | 12999 | 14750| 16453 | 18131 | 19772 | 21409 
20% | 1137 | 1310 | 1481 | 1645 | 1806 | 603 | 11958 | 13827 | 15690] 17502 | 19288 | 21035 | 22777 
207 1169 | 1347 | 1523 | 1691 ) 1857 | 6o% | 12062 | 13947 | 15826] 17655 | 19456 | 21219 | 22976 
22% | 1403 1618 | 1831 | 2034 | 2235 | 624 | 12802 | 14804 | 16799 | 18741 | 20654 | 22526 | 24393 
223 | 1439 | 1659 | 1877 | 2085 | 2292 | 624 | 12910 | 14928 | 16940 | 18899 | 20828 | 22716 | 24599 
24% 1699 | 1960 | 2218 | 2466 | 2710 | 64% | 13676| 15814 | 17946 | 20023 | 22067 | 24069 | 26065 
244 1738 | 2005 | 2269 | 2523 | 2773 | 644 | 13787 | 15943 | 18093 | 20186 | 22247 | 24265 | 26278 
264 2023 | 2335 | 2644 | 2940 | 3233 | 664 | 14578 | 16858 | 19132 | 21347 | 23527 | 25662 | 27792 
263 | 2066 | 2384 | 2700 | 3002 | 3302 | 664 | 14693 | 16991 | 19283 | 21515 | 23713 | 25865 | 28012 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 
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TABLE 32.— Continued. 
Moments or INERTIA OF Four ANGLES witH Equa Lrcs, Axis X-X. 


Moments of Inertia 
of Four Angles, 2G), eae beel Ss 
Axis X-X, 
Equal Legs. 


For Distances 
Measured 


from 
Back to Back. 


eee 


6” x 6// 


Tw 
16 


ivf 


: 3yr e// sv ays ” ” aa 1s// / 
Thick. 8 2 16 8 16 4 +8 8 16 / 


Area4|s| 17.44 


20.24 23-00 25.72 28.44 31.12 33-76 36.36 38.92 41.48 44.00 


Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, In.4, 


123 432 | 497| 560] 618] 678| 735 | 787] 840} 891] 942] 990 
14} 586 675 762 842 2A TOOfs| 1077) mar Est 1223 1293 1362 
143 610 703 793 878 963 1046 | 1123 1200) |) 91275 1349 | 1421 
16% 795 917 | 1035 | 1147 | 1260] 1370] 1472 | 1575 | 1675 | 1773 | 1869 
163 824 950] 1072 | 1788 1306 || 1420 |" 1526 || 1633 1737 | 1839] 1938 


18% 1039 | 1199 | 1354 | 1502] 1652] 1797] 1934 | 2071 | 2205 | 2336] 2464 
183 1072 1237 | 1308 I5S1 1705 1855 1996 | 2138 | 2276] 2412 |- 2545 
205 1317 1521 1720 1910 | 2101 2288 2464 | 2640} 2812 2982 3147 
203 | 1354 | 1564 | 1769 | 1964 | 2161 | 2353 | 2535 | 2716] 2894 | 3069 | 3239 
224 1631 1884 | 2131 2368 | 2607 | 2840 | 3061 | 3282 | 3497 | 3711 | 3919 
223 1672 1932 | 2186 | 2429 | 2674 | 2913 3140 | 3367 | 3589] 3808] 4021 
24% | 1979 | 2287 | 2589 | 2878 | 3170] 3455 | 3726 | 3996| 4261 | 4523 | 4778 
243 | 2025 | 2341 | 2649 | 2946 | 3244] 3536] 3813 | 4091 | 4362] 4630] 4892 


26% | 2362 | 2731 | 3092 | 3440] 3789] 4131 | 4458 | 4784 | 5102 | 5417 | 5725 
267 2412 | 2790 | 3159 | 3513 | 3871 | 4220) 4554 | 4887] 5212 | 5535 | 5850 
284 2780 | 3216 | 3642 | 4053 | 4466} 4871 | 5258] 5644 | 6021 | 6395 | 6761 
283 | 2835 | 3279 | 3714 | 4133 | 4555 | 4967 | 5362 | 5756] 6141 | 6523 | 6896 


30x | 3233 | 3740 | 4237 | 4717 | 5200] 5672] 6125 | 6576 | 7017 | 7456 | 7884 
303 | 3292 | 3809 | 4315 | 4804 | 5295 | 5776 | 6238 | 6698 | 7147 | 7594 | 8031 
324 | 3721 | 4306 | 4879 | 5433 | 5990 | 6535 | 7060) 7581 | 8092 | 8599 | 9095 
323 | 3784} 4379 | 4962 | 5526) 6093 | 6648 | 7181 | 7712 | 8232 | 8748] 9253 
344 4243 | 491% | 5566] 6200] 6837] 7461 | 8062 | 8660] 9244 | 9826 | 10395 
342 | 4311 | 4990] 5655 | 6299 | 6947 | 7581 | 8192 | 8799 | 9394 | 9985 | 10563 
36% 4801 5558 | 6300] 7019 | 7741 8449 | 9132 | 9810 | 10475 | 11135 | 11782 
362 | 4873 | 5641 | 6395 | 7125 | 7858 | 8577 | 9270 9959 | 10634 | 11305 | 11962 
38% 5393 | 6244 | 7079 | 7889 | 8702 | 9500 | 10269 | 11034 | 11783 | 12528 | 13257 
383 5470 | 6333 7180 | 8001 | 8826 | 9635 | 10416 | T1192 | 11952 | 12708 | 13448 
404 6021 | 6972 | 7905 | 8810 | 9720 | 10612 | 11474 | 12330 | 13169 | 14003 | 14821 
403 6102 | 7065 |} 8011 | 8929 | 9851 | 10756 | 11629 | 12497 | 13347 | 14194 | 15022 


424 | 6683 | 7739 | 8776 | 9783 | 10795 | 11787 | 12747 | 13699 | 14632 | 15562 | 16472 
424 6768 | 7838 | 8888 | 9909 | 10933 | 11938 | 12910 | 13875 | 14821 | 15762 | 16685 
44t 7380 8548 9694 | 10808 | 11926 | 13024 | 14087 | 15141 | 16174 | 17203 | 18211 
444 7470 | 8651 | ~gIIz | 10939 | 12072 | 13183 | 14259 | 15326 | 16372 | 17414 | 18435 


46} 8112 | 9396 | 10657 | 11884 | 13115 | 14323 | 15494 | 16655 | 17794 | 18927 | 20039 
465 8206 | 9505 | 10781 | 12022 | 13268 | 14490 | 15675 | 16850 | 18001 | 19149 | 20273 
48+ 8879 | 10285 | 11667 | 13011 | 14360 | 15685 | 16969 | 18242 | 19491 | 20735 | 21954 
483 8977 | 10399 | 11796 | 13155 | 14520 | 15859 | 17158 | 18446 | 19709 | 20966 | 22200 


504 9681 | 11215 | 12722 | 14190 | 15663 | 17108 | 18511 | 19902 | 21266 | 22625 | 23957 
50s 9783 | 11334 | 12857 | 14341 | 15829 | 17291 | 18709 | 20115 | 21493 | 22867 | 24214 
g2t | 10517 | 12185 | 13823 | 15420 | 17022 | 18594 | 20121 | 21635 | 23119 | 24598 | 26049 
4 | 10624 | 12309 | 13964 | 15577 | 17196 | 18785 | 20327 | 21856 | 23356 | 24850 | 26316 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 


69 


‘ 


~ 


TABLE 32.— Continued. 
Moments oF INERTIA OF Four ANGLES wiTH EquaL LxEGs, Axis X—-X. 


Veet 
Moments of Inertia For Distances 
of Four Angles, DG Sei Measured 
Axis X-X, Se eee a from 
Equal Legs. é H Back to Back. 
| os 
Size é x 6" 
Thick 3B” pal ar 35!" gr wy ay 33! wu 4g yl 
Area 4[S| 17.44 20.24 23.00 25.72 28.44 31.12 33.76 36.36 38.92 41.48 44.00 
a’ Moments of Inertia about Axis X-X, for Various Distances Back to Back of Angles, In.4. 
54 | 11389 | 13196 | 14971 | 16701 | 18438 | 20143 | 21799 | 23440 | 25050 | 26654 | 28228 
544 | 11500 | 13325 | 15118 | 16865 | 18619 | 20341 | 22013 | 23671 | 25297 | 26917 | 28507 
50 | 12295 | 14247 | 16164 | 18034 | I99II | 21753 | 23544 | 25318 | 27058 | 28793 | 30495 
563 | 12411 | 14381 | 16317 | 18205 | 20099 | 21959 | 23767 | 25558 | 27315 | 29066 | 30785 
58% | 13236 | 15338 | 17404 | 19419 | 21440 | 23426 | 25357 | 27269 | 29145 | 31015 | 32851 
583 | 13356 | 15478 | 17562 | 19596 | 21636 | 23639 | 25588 | 27518 | 29411 | 31299 | 33151 
60% | 14212 | 16470 | 18689 | 20855 | 23027 | 25161 | 27237. | 29292 | 31309-| 33321 | 35294 
60% | 14337 | 16615 | 18853 | 21038 | 23230 | 25382 | 27476 | 29550 | 31585 | 33614 | 35605 
62% | 15223 | 17643 | 20021 | 22342 | 24671 | 26958 | 29184 | 31388 | 33551 | 35709 | 37825 
62% | 15352 | 17792 | 20191 | 22532 | 24880 | 27187 | 29432 | 31655 | 33837 | 36013 | 38148 
642 | 16269 | 18856 | 21398 | 23881 | 26371 | 28817 | 31199 | 33557 | 35872 | 38179 | 40445 
643 | 16402 | 19010 | 21574 | 24077 | 26588 | 29054 | 31456 | 33833 | 36167 | 38494 | 40778 
66% 17350 | 20109 | 22822 | 25471 | 28128 | 30739 | 33282 | 35799 | 38269 | 40733 | 43152 | 
667 | 17488 | 20269 | 23003 | 25673 | 28352 | 30984 | 33547 | 36084 | 38575 | 41058 | 43496 
O87 | 18466 | 21403 | 24291 | 27113 | 29943 | 32723 | 35432 | 38113 | 40745 | 43370 | 45947 
68% | 18608 | 21568 | 24478 | 27322 | 30173 | 32975 | 35706 | 38407 | 41060 | 43706 | 46303 
70% 19616 | 22738 | 25807 | 28806 | 31814 | 34769 | 37650 | 40500 | 43299 | 46090 | 48830 
703 | 19762 | 22907 | 25999 | 29022 | 32052 | 35029 | 37932 | 40803 | 43623 | 46436 | 49197 
72 | 20801 | 24113 | 27368 | 30551 | 33742 | 36877 | 39935 | 42960 | 45930 | 48893 | 51802 
72% | 20952 | 24287 | 27567 | 30773 | 33987 | 37145 | 40225 | 43272 | 46264 | 49249 | 52179 
742 | 22177 | 25708 | 29180 | 32575 | 35979 | 39324 | 42587 | 45814 | 48983 | 52145 | 55250 
763 | 23436 | 27169 | 30839 | 34429 | 38027 | 41564 | 45015 | 48428 | 51780 | 55124 | 58408 
782 | 24731 | 28670 | 32544 | 36334 | 40133 | 43867 | 47512 | 51115 | 54655 | 58186 | 61654 
803 | 26060 }-30212 | 34295 | 38291 | 42296 | 46232 | 50075 | 53875 | 57607 | 61331 | 64989 
823 | 27424 | 31794 | 36093 | 40299 | 44515 | 48660 | 52707 | 56707 | 60638 | 64559 | 68411 
842 | 28823 | 33417 | 37936 | 42359 | 46792 | S149 | 55405 | 59612 | 63746 | 67870 | 71921 
862 | 30257 | 35080 | 39825 | 44470 | 49125 | 53701 | 58172 | 62590 | 66932 | 71264 | 75520 
883 | 31726 | 36784 | 41760 | 46633 | 51515 | 56315 | 61005 | 65641 |} 7OI96 | 74741 | 79206 
903 | 33230 | 38528 | 43742 | 48847 | 53962 | 58992 | 63907 | 68764 | 73537 | 78301 | 82980 
923 34768 | 40313 | 45769 | 51112 | 56466 | 61730 | 66876 | 71960 | 76957 | 81943 | 86843 
943 | 36342 | 42138 | 47842 | 53429 | 59026 | 64531 | 69912 | 75229 | 80454 | 85669 | 90793 
962 | 37950 | 44004 | 49961 | 55797 | 61644 | 67394 | 73016 | 78571 | 84029 | 89478 | 94831 
987 | 39593 | 45910 | 52126 | 58217 | 64319 | 70319 | 76187 | 81985 | 87682 | 93369 | 98958 
1007 | 41271 | 47857 | 54338 | 60689 | 67050 | 73307 | 79426 | 85472 | 91413 | 97344 )103172 
1027 42984 | 49844 | 56595 | 63211 | 69838 | 76357 | 82733 | 89031 | 95222 |Io140I |107474 
1049 | 44732 | 51872 | 58898 | 65785 | 72683 | 79469 | 86107 | 92664 | 99109 |105542 |111865 
1067 | 46515 | 53940 | 61247 | 68411 | 75585 | 82643 | 89548 | 96369 |103074 |109765 |116343 
1087 48332 | 56049 | 63643 | 71088 | 78544 | 85879 | 93057 |100147 |107116 |114072 |120909 
1103 50185 | 58198 | 66084 | 73817 | 81560 | 89178 | 96634 |103997 |111236 |118461 |125563 
1123 | 52072 | 60387 | 68571 | 76597 | 84633 | 92539 |100278 |107920 |115434 |122934 |130306 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 
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Size. 


Thick. 


Area 4[s 
da 


164 
18+ 


TABLE 32.— Continued. 
Moments oF INERTIA OF Four ANGLES wiTH Equat Lrcs, Axis X-X. 


Sl oii 
Moments of Inertia ' For Distances 
of Four Angles, >. Ge eeXe Measured 
Axis X-X, ae from 
Equal Legs. ; Back to Back. 
pea 
gr x 8’ 
ia P3"" : bY a” oe 43” #" +e” x” Iz ZA 13” 
31.00 34.72 38.44 42.12 45.76 49.36 52.92 56.48 60,00 63.48 66.92 
Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, In.4. 
1333 1483 1631 1775 1910 | 2046] 2179] 2310] 2430| 2554 | 2674 
1686 | 1877 | 2065 | 2249.| 2423 | 2598 | 2769 | 2937] 3094 | 3254 | 3409 
1740 TO37a le 2032) |) 42322 41 S2t02, | 12683 2860 | 3034 | 3196 | 3361 3523 
2146 | 2391 | 2634 | 2871 | 3095 | 3321 | 3542 | 3760| 30964 | 4172 | 4375 
2208 2461 2710 | 2954 | 3186 | 3419 | 3646] 3871 | 4082] 4296] 4505 
2669 | 2976 | 3279 | 3576| 3859) 4143 | 4421 | 4696) 4955 | 5218 | 5475 
2739 | 3054 | 3365 | 3670 | 3961 | 4253 | 4538 | 4821 | 5087 | 5357 | 5621 
3254 | 3630 | 4001 | 4366 | 4714 | 5064 | 5406] 5745 | 6066 | 6390 | 6708 
3332 | 3716 | 4097 | 4471 | 4828 | 5186 | 5536 | 5884 | 6213 | 6546] 6871 
3901 | 4353 | 4801 | 5240 | 5661 | 6083 | 6497 | 6907 | 7296 | 7690 | 8075 
3987 | 4448 | 4906, 5355 | 5786 | 6217 | 6640) 7060} 7458 | 7861 | 8255 
4610 | 5145 5677 | 6198 | 6699 | 7201 | 7693 | 8182 | -8647 | 9116 | 9576 
4703 | 5249 | 5792 | 6324 | 6835 | 7348 | 7850 | 8349 | 8824 | 9303 | 9773 
5381 | 6008 | 6630] 7241 7829 | 8418 | 8996 | 9569 | 10117 | 10669 | 11211 
5482 | 6120 | 6754 | 7377 | 7977 | 8577 | 9166 | 9751 | 10310 | 10872 | 11425 
6214 | 6939 | 7659 | 8367 | 9050 | 9733 | 10404 | 11070 | 11708 | 12350 | 12980 
6323 | 7060} 7794 | 8514 | 9209 | 9904 | 10587 | 11266 | II9I5 | 12569 | 13210 
7109 | 7940 | 8766 | 9578 | 10363 | 11147 | 11918 | 12684 | 13419 | 14157 | 14882 
7225 | 8070] 8910 | 9736 | 10534 | 11331 | 12114 | 12893 | 13641 | 14392 | 15129 
8066 | 9010 | 9950 | 10873 | 11768 | 12660 | 13538 | 14410 | 15249 | 16091 | 16919 
8190 | 9149 | 10103 | 11041 | 11950 | 12856 | 13748 | 14634 | 15486 | 16342 | 17183 
go85 | 1o1so | 11210 | 12253 | 13264 | 14272 | 15263 | 16250 | 17200 | 18152 | 19089 
9217 | 10298 | 11373 | 12431 | 13457 | 14480 | 15487 | 16488 | 17452 | 18419 | 19369 
10166 | 11360 | 12547 | 14717 | 14851 | 15982 | 17095 | 18202 | 19270 | 20340 | 21393 
10306 | 11516 | 12720 | 13905 | 15056 | 16203 | 17331 | 18454 | 19538 | 20623 | 21690 
11309 | 12638 | 13962 | 15264 | 16530 | 17791 | 19032 | 20268 | 21461 | 22656 | 23831 
11456 | 12803 | 14144°| 15464 | 16746 | 18024 | 19282 | 20534 | 21743 | 22954 | 24145 
12514 | 13987 | 15453 | 16897 | 18300 | 19699 | 21076 | 22446 | 23772 | 25098 | 26402 
12669 | 14160 | 15645 | 17107 | 18528 | 19944 | 21338 | 22726 | 24069 | 25412 | 26733 
13781 | 15404 | 17021 | 18613 | 20162 | 21705 | 23225 | 24738 | 26202 | 27667 | 29108 
13944 | 15586 ) 17222 | 18833 | 20401 | 21963 | 23501 | 25032 | 26514 | 27997 | 29456 
15110 | 16891 | 18666 | 20414 | 22116 | 23811 | 25480 | 27142 | 28753 | 30363 | 31947 
15280 | 17082 | 18877 | 20645 | 22366 | 24081 | 25769 | 27450 | 29080 | 30709 | 32312 
1601 | 18448 | 20387 | 22299 | 24161 | 26014 | 27840 | 29659 | 31423 | 33186 | 34921 
16679 | 18647 | 20608 | 22540 | 24423 | 26291 | 28143 | 29982 | 31766 | 33548 | 35302 
17954 | 20074 | 22186 | 24268 | 26297 | 28317 | 30307 | 32290 | 34214 | 36136 | 38028 
18140 | 20282 | 22416 | 24520 | 26571 | 28612 | 30623 | 32626 | 34571 | 36513 | 38426 
19469 | 21769 | 24061 | 26321 | 28525 | 30718 | 32879 | 35033 | 37125 | 39212 41269 
19663 | 21986 | 24301 | 26584 | 28810 | 31026 | 33208 | 35384 | 37497 | 39606 | 41684 
21046 | 23534 | 26014 | 28459 | 30845 | 33219 | 35578 | 37889 | 40155 | 42416 | 44644 
21247 | 23759 | 26263 | 28732 | 31141 | 33538 | 35900 | 38254 | 40542 | 42826 | 45075 
Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 
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TABLE 32.— Continued. 
Moments oF INERTIA OF Four ANGLES WITH Equal Lecs, Axis X-X. 


> 


For Distances 
Measured 
from 
Back to Back. 


Moments of Inertia 
of Four Angles, 
Axis X-X, 
Equal Legs. 


Mercere cet 


3” x g// 


3 
4 


a” 13/7 a is/r $ ut 1’ ur 
18 8 : I Iy6 1t 


31.00 34.72 38.44 42.12 45-76 49.36 52.92 56.48 60,00 63.48 66.92 


Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, In.4, 


22685 | 25368] 28043| 30680] 33256] 35817| 38342] 40858| 43306] 45747| 48152 
22894 | 25602] 28302] 30964] 33564] 36149| 38697] 41237] 43708| 46172) 48601 
24386 | 27272] 30149| 32986] 35759| 38515] 41232] 43940] 46576] 49205) 51795 
24603 | 27515] 30418| 33281 | 36078] 38859] 41600] 44333] 46994] 49646| 52260 


26149 | 29245 | 32332] 35377) 38353| 41311 | 44228| 47135| 49967| 52789| 55571 
26376 | 29497| 32610) 35681) 38683 | 41668 | 44609] 47543 | 50399| 53247) 56053 
27974| 31288) 34592] 37851 | 41038). 44206] 47329| 50443] 53478| 56501 | 59481 
28206 | 31548) 34880) 38167) 41381 | 44575 | 47724| 50865 | 53925| 56974| 59980 


29861 | 33400] 36929] 40410] 43816] 47200] 50537| 53864} 57108] 60340] 63525 
30101 ; 33669] 37226; 40736] 44169] 47581) 50945, 54300] 57570) 60829) 64040 | 
31810) 35581) 39342| 43053 | 46684] 50292] 53850] 57398| 60859] 64305 | 67703 
32058) 35859) 39650] 43389) 47049] 50686] 54272| 57848| 61336| 64810] 68235 


33821 | 37832] 41833] 45780] 49645] 53483} 57269] 61045} 64729| 68398| 72015 
34076 | 38118] 42150] 46127] 50021] 53889] 57704| 61509] 65222] 68919] 72563 
35894 | 40152) 44400] 48592] 52696) 56773} 60794 | 64805 | 68720] 72617| 76460 
36157] 40447] 44727) 48949) 53084| 57191 | 61242] 65283 | 69227| 73154] 77025 
38300 | 42846] 47381] 51856] 56239] 60592) 64886| 69170] 73353) 77516| 81621 
40505 | 45314] 50111} 54846] 59485 | 64092| 68636| 73170] 77598]. 82006) 86351 
42771 | 47851 | 52919] 57921| 62823] 67690] 72492| 77283] 81964] 86622| g12I5 
45100] 50458] 55804] 61080] 66252] 71387] 76453] 81509] 86450] 91365] 96213 


47491 | 53134| 58765 | 64323 | 69773 | 75183] 80521} 85847) 91055] 96235 | 101344 
49943 | 55880] 61803| 67651 | 73385] 79077| 84694| 90299] 95781 | 101233 | 106609 
52458] 58695 | 64919] 71062] 77089} 83071 | 88973 94864 | 100626 | 106357 | 112008 
55035] 61579| 68111] 74558] 80884] 87163} 93398] 99541 | 105592 | 111608 | 117541 


57674| 64533) 71380] 78139] 84771) 91353) 97849 | 104332 | 110678 | 116986 | 123208 
60374.| 67557) 74725] 81803] 88749] 95643 | 102446 | 109236 | 115883 | 122491 | 129009 
63137| 70650] 78148] 85552] 92819 | 100031 | 107148 | 114252 | 121209 | 128123 | 134943 
65962 | 73812| 81648] 89385] 96981 | 104518 | 111956 | 119382 | 126654 | 133882 | 141011 
68848 | 77044] 85224 93302 | 101234 | 109103 | 116871 | 124624 | 132220 | 139767 | 147214 
71797 | 80345 | 88877 | 97303 | 105578 | 113787 | 121891 | 129980 | 137906 | 145780 | 153550 
74808 | 83715 , 92608 | 101389 ; 110014 | 118570 | 127016 | 135448 | 143711 | 151920 | 160019 
77881 | 87155 | 96415 | 105559 | 114542 | 123452 | 132248 | 141029 | 149637 | 158187 | 166623 
81015 | 90665 | 100299 | 109813 | 119161 | 128432 | 137587 | 146723 | 155682 | 164581 | 173361 
84212 | 94244 | 104260 | 114151 | 123871 | 133512 | 143029 | 152531 | 161848 | 171101 | 180232 
87471 | 97892 | 108297 | 118574 | 128673 | 138689 | 148578 | 158451 | 168134 | 177749 | 187237 
90792 | 101610 | 112412 | 123081 | 133567 | 143966 | 154233 | 164484 | 174539 | 184523 | 194376 


94174 | 105397 | 116603 | 127672 | 138552 | 149341 | 159994 | 170630 | 181065 | 191425 | 201649 
97619 | 109254 | 120872 | 132347 | 143628 | 154815 | 165861 | 176890 | 187710 | 198454 | 209056 
101126 | 113180 | 125217 | 137107 | 148796 | 160388 | 171833 | 183262 | 194476 | 205609 | 216596 
104694 | 117176 | 129639 | 141950 | 154056 | 166060 | 177912 | 189747 | 201362 | 212891 | 224270 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 


TABLE: 33: 


MoMENTs OF INERTIA OF Four ANGLES wiTH UNEQuaL Lecs, Axis X-X. 
Lone LEGs TurNED Out. 


Moments of Inertia For Distances 
of Four Angles, 4 Measured 
Axis X-X, from 
Long Legs Turned Out. Back to Back. 


es 


Size. 3’ X 2%”, Long Legs Out, 3%"x24%4", Long Legs Out. 


j a” i TH a” 1” w” LB 1s gr sur 
Thick 4” ts 3 16 3 ry 16 3 16 + 16 


Area 4[s] 5.24 | 6.48 | 7.68 | 8.88 | 10.00] xz.12] 5.76 12 | 8.44 9.72 II,00 12.24 13.44 


d” Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, In.4. 


60 
67 
74 
82 
90 
99 
108 
118 
127 
138 
148 
159 
171 
183 
195 
208 
221 
235 
249 
264 
279 
294 
310 
326 
342 
359 
377 
395 
308 6 413 
322 432 
336 451 
350 479 
365 6 490 
380 281 Sil 
396 292 531 
412 303 553 
428 315 574 
444 327 596 
461 339 oi 
478 351 4 
495 364 OSs 
513 376 689 


Weleo bolt 


[eo BH 


Ha |cobo| ies 


We [cono||H 


02 bo) 


5 
5 
6 
6 
6 
6 
Ne 
x 
=f. 
i 
8 
8 
8 
8 
S 
9 
9 
9 
10 
10g 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 


TABLE 33.— Continued. 
MoMENTS OF INERTIA OF Four ANGLES WITH UNEQUAL LEGs, AxIs X—X. 
Lone LEecs TuRNED OvT. 


Moments of Inertia 


of Four Angles, x x 


For Distances 
Measured 


asanm, Saee----->} 


Axis X-X, “Loe pe from 
Long Legs Turned Out. Back to Back. 
LEecer: | 
pas Boi 
Size. 4’ X 3'’, Long Legs Turned Out. 
Thick. A ts’ yy re’ pad Ye’ a” Thick 3” ya!’ y ¥/’ gir 14” rae 
Area 4s] 6.76 | 8.36.] 9.92 | 11.48 | 13.00 | 14.48 | 15.92 JArea4[s} 9.92 | 12.48 | 13.00 | 14.48 | 15.92 | 1736 | 18.76 
ad’ Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, In.4. 
Gy Ul AS |e i5Se OS cla 7Su|) 086094 |-102, || 16 525| 604] 678) 751} 821} 890) 954 
6¢ | 52 | 63; 84] 85) 94] 103 | 111 | 163 | 543] 625] 702] 777| 849| 921| 987 
7 57, 69 |) 8m | 92-1024] Ex2 | 122 || 165" | S61) 64610725 |= 8045670 eons mnoz4 
7a | 621 75 | 88: 100 || r1r | 122 | 132 | 162 | 580] 667) 750) 83% | 1908) | mrossiaTOsS 
7% | 67 | 81 | 95 | 109 | 121 | 132 | 144 |] 18% | 699] 804] 904 | 1002] 1096] 1190) 1276 
7% | 72 | 88 | 103 | 117 | 130 | 143 | 155 | 183 | 719| 828] 931 | 1032 |1129| 1226) 1315 


8 77| 94 | 111 | 126 | 140 | 154 | 167] 203 | 874 | 1007 | 1133 | 1256] 1375] 1493] 1603 | 
8t | 83 | ror | 119 | 136 | 15r-| 166 | 180 | 20% | 897] 1034 | 1163 | 1290] 1412 1533] 1646 
83 | 89 | 108 | 127 | 145 | 162 | 178 | 193 | 22% | 1069 | 1233 | 1388 | 1539 | 1686| 1831| 1967 
8% | 95 | 116 | 136 | 155 | 173 | 191 | 207 | 223° | 1095 | 1262 | 1421 | 1577 | 1727 | 1876) 2015 
9 | or | 124 | 145 | 166 | 185 | 204 | 221 | 24% | 1284] 1481 | 1668 | 1851 | 2028 | 2204] 2368 
9¢ | 107 | 132 | 154 | 177 | 197 | 217 | 236 | 24% | 1313 | 1514 | 1705 | 1892 | 2073 | 2253] 2421 
93 | 114 | 140 | 164 | 188 | 209 | 231 | 251 | 26% | 1519] 1753 | 1975 | 2192 | 2402 | 2611) 2808 
gf | 121 | 148 | 174 | 199 | 222 | 245 | 267 | 26% | 1550] 1788 | 2015 | 2237| 2451 | 2664) 2865 


IO 6(| 128 | 157 | 184 | 211 | 236 | 260 | 283 | 28% | 1774 | 2047 | 2308 | 2562 | 2809 | 3053] 3284 
1og | 135 | 166 | 195 | 223 | 249 | 275 | 300 | 284 | 1808 | 2085 | 2351 | 2611 | 2862 | 3111| 3347 
10% | 143 | 175 | 206 | 236 | 264 | 291 | 317 | 302 | 2049 | 2364 | 2666 | 2961 | 3247] 3530] 3799 
10g | 151 | 185 | 217 | 249 | 278 | 307 | 335 | 303 | 2085 | 2406 | 2713 | 3013 | 3303 | 3592) 3865 


II 1159 | 194 | 229 | 262 | 293 | 324 | 353 | 32% | 2344 | 2705 | 3051 | 3389 | 3716 | 4042] 4350 
11g | 167 | 204 | 241 | 276 | 309 | 341 | 371 | 323 | 2382 | 2749 | 3101 | 3445 | 3777 | 4108] 4422 
IIz | 175 | 215 | 253 | 290 | 324 | 358 | 391 | 34% | 2658 | 3068 | 3462 | 3846 | 4218 | 4588) 4940 
11g | 184 | 225 | 265 | 304 | 341 | 376 | 410 | 342 | 2699 | 3115 | 3515 | 3905 | 4283 | 4659] 5016 


12 | 192 | 236 | 278 | 319 | 357.| 395 | 430 | 362 | 2992 | 3455 | 3898 | 4332 | 4751 | 5169) 5566 
12g | 201 | 247 | 291 | 334 | 374 | 414 | 451 | 363 | 3035 | 3504 | 3955 | 4395 | 4820] 5244) 5647 
12% | 211 | 259 | 305 | 350 | 392 | 433 | 472 | 38% | 3346 | 3864 | 4361 | 4847 | 5317 | 5785) 6231 
124 | 220 | 270 | 318 | 366 | 409 | 453 | 494 | 382 | 3392 | 3917 | 4421 | 4913 | 5390| 5864 6316 


13 | 230 | 282 | 332 | 382 | 428 | 473 | 516 | 40% | 3720 | 4296 | 4850 | 5390 | 5914 | 6435) 6932 
134 | 240 | 294 | 347 | 398 | 446 | 494 | 539 | 403 | 3768 | 4352 | 4912 | 5460 | 5991 | 6519) 7023 
133 | 250 | 307 | 361 | 415 | 465 | 515 | 562 | 42% | 4114 | 4751 | 5364 | 5963 | 6543 | 7120) 7672 
134 | 260 | 319 | 376 | 432 | 485 | 536 | 585 | 422 | 4164 | 4810 | 5430 | 6037 | 6624 | 7209) 7767 


14 | 270 | 332 | 391 | 450 | 505 | 558 | 610 | 44% | 4527 | 5229 | 5905 | 6565 | 7204 | 7840) 8449 
14g | 281 | 345 | 407 | 468 | 525 | 581 | 634 | 443 | 4580 | 5291 | 5974 | 6642 | 7289 | 7933] 8548 
142 | 292 | 359 | 423 | 486 | 546 | 604 | 659 | 46% | 4961 | 5730 | 6472 | 7195 | 7896| 8595| 9263 
14z | 303 |372 | 439 | 505 | 567 | 627 | 685 | 463 | 5016| 5795 | 6544.| 7276 | 7986] 8692| 9367 


15 314 |386 | 456 | 524 | 588 | 65x | 71x | 48% | 5414 | 6254 | 7064.| 7855 | 8621 | 9384/1015 
154 | 326 | 401 | 472 | 543 | 610 | 675 | 738 | 483 | 5472 | 6322 | 7140| 7939 | 8714 | 9486)10224 
152 |338 | 415 | 490 | 563 | 632 | 700 | 765 | sot | 5887 | 6801 | 7683 | 8543 | 9377 |10208|11004 
154 | 350 | 430 | 507 | 583 | 655 | 725 | 792 | 502 | 5948 | 6871 | 7762 | 8631 | 9475 |10314|11118. 


Moment of Inertia of Net Area = Tabular Value x Net Area + Gross Area (approx.).._ 
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TABLE 33.— Continued. 
MomEnTs oF INERTIA OF Four ANGLES witH UNEQuaL Leos, Axis X-X. 
Lone LEGs TurRNED Out. 


Moments of Inertia For Distances 
of Four Angles, Measured 
Axis X-X, from 
Long Legs Turned Out. : s Back to Back. 


5” X 3’, Long Legs Turned Out. 


5’ Hy a” ” g/t sur 117 
8 ie” | Thick. ae ts z 16 8 is 


13.24 | 15.00] 16,72] 18.44 | 20,12 |Area4|s| xz.44| 13.24 15.00 16.72 18.44 20.12 


Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, In.4, 


TOA TEA 23) 1132 
125 | 9135 

147 820] 942] 1062] 1179] 1290 
159 845] 970] 1094| 1214] 1329 
173 1024] 1178] 1329] 1475] 1616 
187 1052] 1209] 1364] 1514] 1659 
201 I251| 1440] 1625] 1804] 1978 
216 1282] 1475] 1664] 1848] 2026 
232 T5OL | 1728) 195% 2167 |) 2377 
248 1534 1766] 1994] 2215] 2430 
265 1774.| 2043] 2307| 2564] 2813 
282 1810} 2085] 2354] 2615] 2871 
300 2070] 2385] 2694] 2994] 3286 
318 2109 | 2429| 2744| 3049) 3348 
337 2389 | 2753] 3110] 3457) 3796 
357 2430| 2801 | 3164] 3517) 3863 
377 2730| 3147} 3556] 3954| 4343 
398 2774| 3198| 3614] 4018 | 4414 
420 3094} 3568] 4032] 4484) 4927 
442 3142| 3623 | 4094] 4552] 5002 
464 3482 | 4016] 4539] 5047] 5547 
487 3532| 4073) 4604] 5120} 5627 
511 3892} 4489] 5075] 5645) 6205 
535 3945 | 4551| 5144) 5721| 6289 
560 4325 | 4990] 5641| 6275| 6899 
585 4381 | 5054) 5714] 6356) 6988 
611 4781 | 5517| 6237) 6939] 7630 
638 4839 | 5584) 6314] 7024] 7724 
665 5259| 6070] 6864] 7636} 8398 
693 5321| 6141| 6944] 7726) 8497 
721 5761 | 6650] 7520] 8367| 9203 
750 5825 | 6724| 7604} 8461] 9306 
779 6286| 7256| 8206] 9132] 10045 
809 6353] 7334| 8294] 9229) 10153 
840 6833 | 7889] 8922} 9929 | 10923 
871 6903 | 7970} 9014 | 10031 | 11036 
826 | 903 7403 | 8548] 9668 | 10760 | 11839 
855 | 935 2 |7476| 8632] 9764 | 10866 | 11956 
885 | 968 7996 | 9234} 10445 | 11625 | 12791 
916 | 1002 4 |8072]| 9321 | 10544 | 11735 | 12913 
947 | 1036 8612] 9946] 11251 | 12523 | 13781 
682 978 | 1070 8691 | 10037 | 11354 | 12637 | 13907 


Ha |cobo|e 


Peereien sod 


Ha[coRo| at 


WODODO WMWOONNNN AA 


loot 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 


o 


TABLE 33.— Continued. 
MomENTs OF INERTIA OF Four ANGLES WITH UNEQuAL LeEGs, Axis X-X. 
Lone Lecs TurNED Out. 


Moments of Inertia For Distances 
of Four Angles, Measured 
Axis X-X, from 
Long Legs Turned Out : Back to Back. 


5” & 33/”, Long Legs Turned Out. 
32 724 


” ai | an sy) ” ” ; 3/ ” uy aur 
oU hide! | 3 $ i6 a Thick, | 3” $ To 4 


be 
x 
o 
& 
~ 
ree 
a 


12,20] 14.12] 16.00 19.68] 21.48 | 23.24 [Area 4|s| 12.20 | 14.12 | 16.00 | 17.88 | 19.68 | 21.48 | 23.24 


for 
~ 


Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, In.4, 


131 174| 187] 198 
124] 141 188] 202] 214 
133 | 152 202] 218| 231 1060 | 1221! 1375] 1530) 1676) 1821 
143 | 163 2UT I 23'5)\) 249 1088 | 1254] 1412] 1571) 1721] 1871 
{53s 175 f 233) 252) 268 1298 | 1497| 1686] 1876) 2057| 2236 
163 | 187 249] 270| 287 1330] 1533] 1727| 1922| 2107| 2291 
174 | 200 267| 288] 307 1561 | 1800] 2029) 2259] 2477| 2694 
186 | 213 284) 308] 328 1595 | 1840] 2074] 2309] 2532] 2754 
197 | 226 303) 328] 349 1848 | 2132) 2404] 2677] 2937] 3194 
209 | 240 322| 348] 371 1886 | 2175] 2453] 2732] 2997| 3260 
222 | 254 341) 37°| 394 2159 | 2492] 2810] 3131} 3435] 3738 
235 | 269 362] 392] 418 2200 | 2539} 2864]! 3190] 3501] 3809 
248 | 284 382| 414] 442 2495 | 2880] 3249] 3621] 3974] 4325 
261 | 300 404| 438) 467 2539 | 2930| 3306) 3684] 4044| 4401 
275 | 316 426] 462) 493 2856 | 3296) 3720] 4146) 4551) 4954 
290 | 332 449| 486] 519 2902 | 3350) 3781] 4214] 4626, 5036 
304 472| 512| 547 3240 | 3741! 4223) 4707| 5168] 5627 
320 496| 538) 574 3290 | 3798] 4288) 4780) 5248) 5714 
335 520) 564} 603 3649 | 4214] 4758] 5304) 5825) 6342 
351 546) 592) 633 3702 | 4275| 4827] 5381) 5909] 6435 
367 571) 620] 663 4083 | 4715) 5325) 5937) 6520) 7101 
384 598| 648] 694 4139 | 4779] 5398) 6019; 6610) 7199 
401 625| 678) 725 4541 | 5244] 5924) 6606) 7255] 7902 
418 652| 708] 758 4600 | 5312] 6001] 6692} 7350] 8005 
436 681} 738) 79% 5023 | 5802} 6555) 7310) 8030] 8747 
454 709] 770| 824 5085 | 5873} 6636) 7400] 8129) 8855 
473 739| 802} 859 5530 | 6388) 7217| 8050; 8843] 9634 
492 769} 835] 894 5595 | 6463] 7303] 8145] 8948] 9748 
S11 800} 868} 930 6061 | 7002} 7912| 8826) 9697/10564 
531 761| 831) 902] 967 6129 | 7080] 8001] 8925] 9806/10683 
551 790| 863] 938 | 1004 6616 | 7644) 8639] 9637|10589]11537 
571 819} 895] 972 | 1042 6687 | 7726] 8732| 9741|10703|11662 
592 849] 929] 1008 | 1081 7196 | 8315] 9398|10485|11521/12554 
613 880] 962] 1045 | 1121 7270 | 8400] 9495|}10593|11640/12684 
635 912} 997| 1082 | 1161 7800 | 9013]10189|11368)12492)13613 
657 943|1032| L120 | 1202 7878 | 9103}12090|11481]12616) 13748 
679 976|1067| 1159 | 1244 8429 | 9740|11012|12287|13503|14715 
592 | 702 908} 1009]1104| 1199 | 1286 8509 | 9833/I1117|12404/13632/14856 
693 | 821 1063|/1182|1294| 1406 | 1510 9082 |10496|11867|13241|14553|15860 
714 | 846 1096|1219]1334| 1449 | 1556 9165 |10592|11976|13363|14687| 16006 
735 | 872 1129|1256)1374| 1493 | 1604 9759 |11279]12754|14232|15642|17048 
757 | 897 1163}1293/1415] 1538 | 1652 9846 |11379|12867|14358|15781/17199 


lon|- ale cobs) 


RON RIE 


WOOO Onmnwonna 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 


TABLE 33.— Continued. 


Moments oF INERTIA OF Four ANGLES witH UNEQUAL Lecs, Axis X-X. 
Lone LEGS TuRNED Out. 


\ 


“| ifs pri ag if 
ely eae hg aX Pie aed 
Axis X-X, 1 from 
Long Legs Turned Out. : Back to Back. 
eC! 
Size 6” x 4’, Long Legs Turneu Out. 
Thick. | 9” Ye” Me ts” a” 1" a ee es 1g” x! 
Area4[s| 14.44 16.72 19.00 21.24 23.44 25.60 27.76 29.88 | 31-92 34.00 36.00 
aft Moments of Inertia About Axis: X-X for Various Distances Back to Back of Angles, In.‘, 

83 178 203 227 251 273 293 314 333 352 370 385 
10f 273 312 350 387 423 455 489 521 551 581 606 
103 288 330 370 | 409) 448 482 5I7 | 552 583 615 642 
124 408 468 526 583 639 689 741 791 839 886 927 
123 427 | 490 551 611 669 | 722 777 | 829 879 | 929} 972 
14% S72 658 740 822 gor 974 | TOs: |' VIT22, || t19O | T2569 | P1420 
143 595 684 770 855 937 | HOI3 |: fo92z | 1167-1238 | 1310 | 1374 
164 765 881 992 | 1103 1210 | 1310 | 1413 1512 | 1605 1700 | 1784 
165 791 gil 1027 | II41 1252 1356 | 1462] 1564] 1662 | 1760] 1848 
184 987 | 1137 1282 | 1426] 1566] 1698] 1831 1961 2084 | 2209 | 2321 
183 IO17 1171 1321 1470 1614 1750 1888 2022 2149 2277 2393 
204 1238 | 1427 1611 1792 | 1969 | 2136 | 2306 | 2471 | 2627] 2786] 2030 
203 L275 1465 1654 1841 2023 2195 2369 | 2539 | 2700 | 2863 3011 
227 1518 | 1750 1O77, | 42200 |) aig | ~2626 | 2836 |) Zo4o'|) 3234 | 346) | 3611 
22% ep5e |) 1793 ZOQFmIEZ255 2470 || 2098 | 2000e)- aanine aos T CM es enor aaa Or 
24% 1826 | 2107 2381 | 2652] 2916 | 3167] 3421 | 3669 | 3905 | 4144 | 4363 
243 | 1867 | 2154 | 2434 | 2711 | 2981 | 3238 | 3498 | 3752 | 3993 | 4238] 4463 
262 | 2164 | 2497 | 2823 | 3145 | 3459 | 3759 | 4062] 4358 | 4639] 4925 | 5188 
263 2208 | 2548 2881; 3210 | 3530] 3837] 4146] 4448 | 4736 | 5027 | 5206 
28% | 2530 | 2920 | 3303 | 3681 | 4050 | 4402 | 4759) 5106 | 5438 | 5775 | 6085 
28% | -2578 | 2976 3306 | 3751 | 4127 | 4486] 4850 | 5204] 5542 | 5885 | 6202 
30z | 2925 | 3377 | 3821 | 4259 | 4687) 5097 | 5511 | 5914} 6300 | 6692 | 7054 
303 | 2977 | 3437 | 3889) 4335 | 4770| 5187 | 5609} 6020 | 6412 | 6810 {| 7180 
324 | 3349 | 3868 | 4377 | 4880 | 5371 | 5842 | 6318 | 6782 | 7226] 7677 | 8094 
323 | 3404 | 3931 | 4450 | 4961 | 5460} 5939 | 6423 | 6895 | 7346] 7804 | 8230 
344 | 3802 | 4391 Ao7w | 5644 | 6102'| 6639 | 718% |. 7710 | 8216 | 8730 | 9207 
343 | 3861 | 4459 | 5048 | 5629 | 6197 | 6743 | 7293 | 7830 | 8344 | 8865 | 9351 
36% | 4284 | 4949 5604 | 6249 | 6880 | 7488 | 8100} 8698 | 9269 | 9851 | 10392 
365 | 4346 | 5021 | 5685 | 6341 | 6981 | 7597 | 8219 | 8825 | 9406 | 9995 | 10545 
38% | 4795 | 5539 | 6274 | 6998 | 7705 | 8387 | 9074 | 9745 | 10387 | T1040 | 11649 
38% | 4861 5616 6360 | 7094 | 7811 | 8503 | 9200] 9880 | 10531 | 11192 | 11811 
40% 5334 | 6164 6982 | 7788 | 8577 | 9337 | 10104 | 10852 | 11568 | 12297 | 12978 
403 5404 | 6244 7073 7890 | 8689 | 9460 | 10236] 10995 | 11720 | 12458 | 13149 
424 | 5903 6821 7728 8622 | 9495 | 10339 | 11189 | 12019 | 12813 | 13622 | 14378 
423 5976 | 6906 7824. | 8729 | 9613 | 10468 | 11328 | 12169 | 12974 | 13791-) 14558 
44% | 6500 |. 7512 8c12 | 9497 | 10461 | 11392 | 12329 | 13245 | 14122 | 15015 | 15851 
Aaa | O577= | 7601 8613 | 9610 | 10585 | 11527 | 12476 | 13403 | 14291 | 15193 | 16040 

6476 | 17396 
464 | 7127 | 8237 | 9334 | 10416 | 11473 | 12496 | 13526 | 14532 | 15495 | 16476 | 1739 
461 7207 | 8330 9440 | 10533 | 11603 | 12638 | 13679 | 14697 | 15671 | 16662 | 17594 
48% 7787 | 8995 | 10194 | 11376 | 12533 | 13651 | 14777 |'15878 | 16932 | 18005 | 19013 
485 7866 | go92 | 10305 | 11499 | 12668 | 13800 | 14938 | 16050 | 17116 | 18199 | 19220 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 


UG 


. 
TABLE 33.— Continued. 


Moments oF INERTIA OF Four ANGLES WITH UNEQUAL LEGs, AxIs X—X. 
Lone Lecs TuRNED OUT. 


Moments of Inertia For Distances 
of Four Angles, x x Measured 
Axis X-X, o ¥ from 
Long Legs Turned Out. Back to Back. 


Size. 


Thick. a” ts” 4” fs!’ gy te’ a” R” 4” TR” zy" 

Area 4|S| 14.44 16.72 Ig.00 21.24 23-44 25.60 27-76 29.88 31.92 34.00 36.00 
d”’ Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, In.4, 
Xoys 8466 | 9786 | 11093 | 12379 | 13639 | 14858 | 16085 | 17284 | 18433 | 19602 | 20701 
503 8553 | 9887 | 11207 | 12508 | 13780 | 15012 | 16252 | 17464 | 18625 | 19805 | 20917 
524 9179 | 10611 | 12029 | 13425 | 14792 | 16116 | 17447 | 18749 | 19997 | 21267 | 22462 
525 9270 | 10716 | 12148 | 13559 | 14939 | 16277 | 17622 | 18937 | 20197 | 21478 | 22687 
542 9921 | 11469 | 13003 | 14513 | 15992 | 17425 | 18866 | 20275 | 21626 | 23000 | 24295 
542 | 10015 | 11579 | 13127 | 14652 | 16145 | 17592 | 19047 | 20470 | 21833 | 23220 | 24529 
56z | 10691 | 12361 | 14015 | 15644 | 17238 | 18785 | 20339 | 21860 | 23318 | 24801 | 26200 
563 |-10789 | 12475 | 14144 | 15788 | 17397 | 18958 | 20527 | 22062 | 23533 | 25029 | 26443 
58% | 11491 | 13286 | 15065 | 16817 | 18532 | 20196 | 21869 | 23505 | 25074 | 26669 | 28176 
583 | 11593 | 13404 | 15199 | 16967 | 18697 | 20376 | 22064 | 23715 | 25297 | 26907 | 28429 
60% | 12319 | 14244 | 16153 | 18032 | 19873 | 21659 | 23453 | 25209 | 26894 | 28606 | 30225 
603 | 12425 | 14367 | 16292 | 18187 | 20043 | 21845 | 23655 | 25427 | 27125 | 28852 | 30486 


62% | 13176 | 15236 | 17279 | 19291 | 21260 | 23172 | 25094 | 26974 | 28778 | 30611 | 32346 
625 | 13286 | 15363 | 17423 | 19451 | 21437 | 23365 | 25303 | 27199 | 29017 | 30866 | 32616 
64% | 14063 | 16262 | 18443 | 20591 | 22694 | 24737 | 26790 | 28798 | 30725 | 32684 | 34539 
643 | 14175 | 16392 | 18592 | 20757 | 22877 | 24937 | 27006 | 29030 | 30972 | 32947 | 34818 


663 14978-| 17321 | 19646 | 21934 | 24175 | 26353 | 28541 | 30682 | 32736 | 34825 | 36803 
663 | 15094 | 17455 | 19799 | 22105 | 24364 | 26559 | 28764 | 30922 | 32991 | 35097 | 37092 
68% | 15922 | 18413 | 20886 | 23320 | 25703 | 28021 | 30348 | 32625 | 34811 | 37034 | 39140 
683 | 16042 | 18552 | 21043 | 23496 | 25898 | 28233 | 30578 | 32873 | 35074 | 37314 | 39437 


704 | 16894 | 19539 | 22164 | 24747 | 27278 | 29739 | 32210 | 34629 | 36950 | 39311 | 41549 
703 | 17018 | 19682 | 22326 | 24929 | 27478 | 29958 | 32447 | 34885 | 37221 | 39600 | 41855 
72% | 17896 | 20698 | 23480 | 26218 | 28900 | 31509 | 34128 | 36692 | 39153 | 41656 | 44030 
723 | 18023 | 20845 | 23647 | 26405 | 29106 | 31734 | 34372 | 36955 | 39432 | 41953 | 44345 


742 | 19057 | 22042 | 25006 | 27923 | 30781 | 33561 | 36352 | 39086 | 41707 | 44375 | 46907 
763 | 20121 | 23272 | 26403 | 29484 | 32502 | 35440 | 38388 | 41276 | 44045 | 46864 | 49540 
783 | 21212 | 24536 | 27838 | 31087 | 34270 | 37370 | 40480 | 43526 | 46447 | 49422 | 52246 
803 | 22333 | 25833 | 29311 | 32733 | 36086 | 39350 | 42627 | 45836 | 48914 | 52047 | 55024 


823 | 23483 | 27164 | 30822 | 34421 | 37948 | 41383 | 44829 | 48205 | 51444 | 54741 | 57874 
842 | 24662 | 28528 | 32370 | 36151 | 39857 | 43466 | 47087 | 50634 | 54037 | 57502 | 60795 
863 | 25869 | 29925 | 33957 | 37925 | 41812 | 45600 | 49401 | 53123 | 56695 | 60332 | 63789 
883 | 27105 | 31356 | 35582 | 39740 | 43815 | 47786 | 51770 | 55672 | 59417 | 63229 | 66855 
903 | 28371 | 32821 | 37245 | 41598 | 45865 | 50023 | 54194 | 58281 | 62202 | 66195 | 69993 
923 | 29665 | 34318 | 38946 | 43499 | 47961 | 52311 | 56674 | 60949 | 65051 | 69228 | 73202 
942 | 30988 | 35350 | 40685 | 45442 | So10s | 54651 | 59210 | 63677 | 67964 | 72330 | 76484 
963 | 32340 | 37414 | 42462 | 47427 | 52295 | 57041 | 61801 | 66465 | 70941 | 75499 | 79838 
983 | 33720 | 39012 | 44277 | 49455 | 54532 | 59483 | 64448 | 69312 | 73982 | 78736 | 83264 
1003 | 35130 | 40644 | 46129 | 51526 | 56816 | 61976 | 67150 | 72220 | 77086 | 82402 | 87761 
1023 | 36569 | 43309 | 48020 | 53639 | 59147 | 64520 | 69908 | 75187 | 80254 | 85415 | 90331 
1042 | 38036 | 44007 | 49949 | 55794 | 61524 | 67115 | 72721 | 78214 | 83487 | 88857 | 93973 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 
elas 


TABLE 33.— Continued. 
Moments oF INERTIA OF Four ANGLES WITH UNEQUAL LEGs, Axis X-X. 


Lone Lecs Turnep Out. 


er leet cee: Fr 
Moments of iseeee. - \ For Distances 
Axis X-2, X_.__._* 4 = 
Long Legs Turned Out. ' Back to Back. 
peel ey 
Size 8” x 6, Long Legs Turned Out. 
Thick, Ye’ ad oy gr ay” yr 1g/7 uw 1H” vl 
Area 4|s 23.72 27.00 30.24 33-44 36.60 39.76 42.88 45-92 49.00 52,00 
a” Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, In.4, 
123 624 704. 778 853 926 997 1062 1128 | * 1193 1255 
144 841 950 1053 1156 1256 1354 1445 1536 1627 1714 
144 875 989 1096 1203 1308 1410 1505 1600 1695 1786 
164 1134 1283 1423 1564 1701 1837 1963 2089 2214 2335 
163 Ti74 |) 1328} 1474 | 1620 | 1762 1902 2033 2164 2295 2420 
181 TATA 1OCQ) | 18540\) 2039 || - 2220 2398 2566 2733 2900 3061 
183 LESO) ines 72 L TOLD al 2103 = 2200 2474 2647 2820 2993 3159 
20% 1862 | 2109 | 2346] 2581 | 2812 3040 3255 3469 3683 3890 
203 1914 | 2168 2411 2654 2891 3125 3347 3568 3788 4001 
224 2297 | 2604 | 2898 | 3190 | 3477 | 3761 4030 | 4297 | 4565 4823 
223 2355 | 2669 | 2971 | 3271 | 3565 | 3856 | 4133 4407 | 4682 | 4947 
244 27SOuNGLSe Ie 3510" |) 3866-) 4275 4561 4890 5217 5545 5861 
243 2844 | 3224 | 3591 | 3955 | 4312 | 4667 5004 | 5338 5674 | 5998 
26% 3310 | 3754 | 4183 | 4609] 5026 5441 5837 6228 6622 7002 
264 3380 | 3833 | 4271 | 4706 | 5133 | 5556 | 5961 6361 6764 | 7152 
284 3888 | 4411 4916 | *5418 5911 6400 6869 ane 7798 8248 
283 3963 | 4497 | 5012 | 5524 | 6027 | 6526 | 7004 | 7476 | 7951 8411 
oF 4513 | 5121 | 5710 | 6295 | 6869 | 7439 | 7987 | 8527 | 9071 | 9597 
30h 4594 | 5214) 5813 | 6409; 6994] 7575 | 8133 | 8683 | 9237 | 9773 
324 RTSS |ees885) | 6564 -|| 7238) 7900 8558 9190 9814 | 10443 IIOS5O 
322 5273 | 5985 | 6675 | 7361 | 8034 | 8703 | 9347 | 9982 | 10621 | 11239 
ah 6 10480 11193 IIQI2 12608 
5905 | 6704 | 7479 | 8248 | 9004 | 975 4 
at 5999 ; 6810 | 7598 8379 | 9147 | 9911 | 10647 | 11372 | 12103 ie 
361 6672 | 7576 | 8454 | 9326 | 10181 | 11033 11855 12664 | 13480 | 14269 
363 6772 | 7689 | 8580] 9465 | 10334 | 11198 | 12033 12854 | 13682 | 14484 
84 8 8503 | 9490 | 10470 | 11432 | 12390 | 13316 | 14227 | 15145 | 16035 
38 ee 8622 | 9624 | 10617 | 11594 | 12565 13505 14428 | 15360 | 16263 
40+ 8349 | ° 9483 | 10586 | 11680 | 12756 | 13827 | 14863 15881 16909 | 17904 
404 8461 | 9609 | 10727 | 11836 | 12927 | 14012 | 15062 16094 | 17136 | 18145 
877 
25 2 1OS17 | 11743 | 12958 | 14153 | 15342 16495 17627 | 18770 | 19 
ee Bee 10650 | 11892 | 13123 | 14333 | 15538 16705 17852 I90IO | 20131 
444 10216 | 11606 | 12960 | 14303 | 15623 | 16937 | 18213 19466 | 20730 | 21955 
445 10339 | 11746 | 13116 | 14476 | 15812 | 17143 18434 | 19702 | 20981 | 22222 
6 | 22787 | 24136 
6% 1122r | 12748 | 14238 | 15714 | 17167 | 18612 | 20017 | 2139 
t6t 11350 | 12895 | 14402 | 15895 | 17365 | 18828 20249 | 21643 23051 24410 
48% 12273 | 13944 | 15576 | 17193 | 18783 | 20367 | 21907 23417 24943 ee 
483 12408 | 14098 | 15747 | 17382 | 18990 | 20593 | 22149 | 23677 | 25219 715 
6 | 28811 
+ 13372 | 15195 | 16974 | 18738 | 20473 | 22201 | 23882 | 25531 | 2719 
a te ee 17153 | 18936 | 20689 | 22437 | 24135 | 25082 | 27485 | 29117 
522 14519 | 16499 | 18433 | 20350 | 22236 | 24115 | 25944 | 27737 | 29548 | 3 1304 
Gea 14666 | 16666 | 18620 | 20556 | 22462 | 24360 | 26207 | 28019 | 29848 | 31623 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 
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TABLE 33.— Continued. 


MoMENTs OF INERTIA OF Four ANGLES WITH UNEQUAL LEGs, Axis X-X. 
Lone Lecs TuRNED OUT. 


Moments of Inertia For Distances 
of Four Angles, Measured 
Axis X-X, from 
Long Legs Turned Out. Back to Back. 


8” x 6, Long Legs Turned Out. ~ 
4” ¥"" a” 1a” eee 33” a” 4E” 
27.00 30.24 33-44 36.60 39.76 42.88 45.92 49.00 


Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, In.4. 


15713 | 17858 | 19953 | 22029] 24072] 26108 28091 30034. 31997 33902 
15866 | 18031 | 20147 | 22244] 24307| 26364 | 28365 | 30328 | 32310 | 34234 
16955 | 19270 | 21533 | 23775 | 25982| 28181 | 30323 | 32423 | 34545 | 36603 
17114 | 19450 | 21735 | 23998| 26226] 28446 | 30608 | 32728 | 34870 | 36948 


18244 | 20736 | 23174 | 25588 | 27964| 30333 | 32642 | 34904 | 37190 | 39409 
18409 | 20923 | 23383 | 25819] 28217] 30608 32938 35221 37528 | 39767 
19581 | 22257 | 24875 | 27467) 30020] 32564 | 35046 | 37477 | 39934 | 42318 
19751 | 22450 | 25091 | 27707| 30282] 32850 | 35353 | 37805 | 40284 | 42689 


20965 | 23831 | 26636 | 29414] 32149| 34876 | 37536 | 40142 | 42775 | 45331 
21141 | 24032 | 26860 | 29662| 32420] 35171 37853 | 40482 | 43137 | 45715 
22396 | 25459 | 28458 | 31427| 34351] 37266 | 40112 | 42899 | 45715 | 48449 
22579 | 25667 | 28690 | 31684| 34632) 37572 | 40440 | 43250 | 46089 | 48846 


23875 | 27142 | 30340 | 33508| 36627| 39737 | 42774 45747 | 48752 | 51670 
24064 | 27356 | 30580 | 33772| 36916] 40052 | 43112 | 46110 | 49139 | 52080 | 
25402 | 28878 | 32283 | 35655] 38975| 42287 |. 45521 | 48687 | 51888 | 54996 
25596 | 29099 | 32530 | 35928| 39274| 42612 | 45870 | 49061 | 52287 | 55419 


26976 | 30669 | 34287 | 37869] 41397| 44916 | 48354 | 51719 | 55121 | 58425 
27176 | 30896 | 34541 | 38150] 41705| 45251 | 48714 | 52105 | 55532 | 58861 
28597 | 32513 | 36351 | 40150] 43892} 47625 | 51273 | 54843 | 58453 | 61958 
28803 | 32747 | 36613 | 40440] 44209| 47970 |~ 51644 | 55240 | 58876 | 62407 


30478 | 34652 | 38745 | 42796] 46787] 50768 | 54659 | 58468 | 62318 | 66058 
32200 | 36611 | 40937 | 45219] 49437) 53646 | 57760 | 61787 | 65858 | 69812 
33969 | 38625 | 43190 | 47709] 52161 | 56603 | 60947 | 65198 | 69495 | 73671 
35786 | 40692 | 45503 | 50266) 54958] 59640 | 64220 | 68700 | 73231 | 77633 


37651 | 42813 | 47877 | 52889| 57828 | 62757 | 67578 | 72295 | 77065 | 81699 
39562 | 44988 | 50312 | 55800} 60771 | 65953 | 71022 | 75981 | 80997 | 85870 
41522 | 47217 | 52806 | 58337] 63788] 69228 | 74552 | 79760 | 85026 | 90144 
43528 | 49500 | 55362 | 61162] 66878) 72583 78168 | 83630 | 89154 | 94523 


45583 | 51837 | 57977 | 64053 | 70041] 76017 | 81869 | 87592 | 93380 | 99005 
47684 | 54228 | 60654 | 67011 | 73277) 79531 |. 85656 | 91646 | 97704 | 103591 
49833 | 56674 | 63390 | 70036] 76586] 83125 | 89529 | 95791 | 102125 | 108282 
52030 | 59173 | 66188 | 73128] 79969] 86798 93488 | 100029 | 106645 | 113076 


54274 | 61726 | 69045 | 76287] 83425] 90551 | 97532 | 104358 | 111263 | 117975 
56565 | 64333 | 71963 | 79512] 86954] 94383 | 101662 | 108779 | 115979 | 122977 
58904 | 66994 | 74942 | 82805] 90556] 98294 | 105878 | 113292 | 120792 | 128083 
61290 | 69709 | 77981 | 86164] 94231 | 102285 | 110180 | 117897 | 125 04 | 133294 


63724 | 72478 | 81081 | 89590] 97980] 106356 | 114567 | 122594 | 130714 | 138608 
66205 | 75301 | 84241 | 93084 | 101802] 110506 | 119041 | 127382 | 135822 | 144027 
68733 | 78178 | 87461 | 96644 | 105697 | 114736 | 123600 | 132263 | 141028 | 149549 
71309 | 81110 | 90742 | 100270 | 109665 | 119045 | 128244 | 137235 | 146331 | 155175 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 


TABLE 34. 


Moments or INERTIA OF Four ANGLES WITH Unequat Lecs, Axis X-X. 
SHort LEGS TuRNED Out. 


Moments of Inertia H For Distances 
of Four Angles, ‘ j Measured 
Axis X-X, ; from 
Short Legs Turned Out, Back to Back, 


3” X 24%", Short Legs Out, 3%” X 23’, Short Legs Out. 4” X 3’, Short Legs Out. 
ge ve I Ye” | 3’ te” 


6.48 | 7.68 | 8.88 | 10.00 | 5.76 7-12 E - 2 ‘ 992 | 11.48 | 13.00] 14.48 


Moments of Inertia About Axis X-X for Various ack of Angles, In.4. 


welcons) 


88 118 
95 127 
IOI 136 
108 145 
IIs 155 
123 165 
130 175 
138 186 
147 197 
155 209 
164 221 
173 233 
182 245 
192 258 
201 272 
2 285 
222 299 
232 314 
243 329 
254 344 
265 359 
277 375 
289 391 
301 407 
313 aa 
326 442 
339 459 
352 477 
366 495 
379 514 
393 533 
408 553 
422 573 
429 437 593 
503 366 514 699 
519 | se 377 Doe 133 
534 389 547 744 
550 401 564 767 
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TABLE 34.— Continued. 
Moments OF INERTIA OF Four ANGLES WITH UNEQUAL LEGs, Axis X-X. 
SHorT LEGS TURNED OUT. 


aah 
ae 


Moments of Inertia For Distances 


‘ 
' 
of Four Angles, DP. Xe d Measured 
Axis X-X, ae ee ae aE from 
Short Legs Turned Out. y Back to Back. 
Hl ; 
aoeee YS 
Size. 5” x 3”, Short Legs Turned Out. 
Thick. s/’ RY yes’ 4 2,’ g” a Thick. gu ws” RY” 25" gu ay 


Area 4|s 9.60 | 12.44 | 13.24] 15.00 | 16.72 | 18.44 | 20.12 |Area[4s| 11.44 13.24 15.00 16.72 18.44 20,12 


Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, In,4. 


147| 174 | 198] 222| 244| 265] 286] 22% | 1046] 1202] 1356] 1505] 1649] 1791 
1Of |156| 184 | 210] 235] 259| 281] 303] 223 | 1073| 1234] 1392] 1544] 1692) 1838 
LOSE LOS 0 222|249) | 274 |) 20811 322)| 24% 1273 | 1464] 1652] 1835] 2011 | 2186 
Tig) 174 |) 206 | 235|. 263 || 200 | 316'| 340) 245 1303] 1499} 1692] 1878] 2059] 2238 
11g |184| 217 | 248] 278] 307] 333] 360] 262 1523] 1753] 1979] 2198| 2410] 2620 
11 |194| 229 | 261] 293] 323] 352| 380] 263 | 1556] I791| 2022] 2245] 2463] 2678 
204| 241 | 275] 309] 341| 371| 401| 28% | 1796] 2068] 2335] 2594| 2847) 3950 
12g 215 | 253 | 289] 325| 359] 390| 422] 285 1831 | 2109 | 2382] 2646| 2904] 3158 
123 |226| 266 | 304] 342|) 377] 411| 444] 30% | 2091] 2409] 2721] 3024] 3320] 3611 
124 |237| 28> | 319] 359| 396] 431] 467] 302 | 2130] 2454] 2772| 3080/ 3381] 3678 } 
_ | 248] 293 | 335) 376] 416) 453) 490] 322 | 2410) 2777| 3137) 3487] 3829] 4166 
z |260] 307,| 351 | 394| 436] 475| 514] 322 | 2451) 2825) 3192] 3547| 3896| 4239 
133 |272| 321 | 367| 413) 456) 497] 538] 34¢ | 2751] 3172] 3584) 3984) 4376) 4762 
134 |284| 336 | 384] 432] 477| 520] 563] 343 | 2796] 3223} 3642) 4048| 4447) 4839 
297| 351 | 401] 451] 499] 544] 589] 36 | 3116) 3593) 4060) 4514| 4960) 5398 
z |310| 366 | 419] 471| 52] 568] 615] 363 | 3163 | 3647| 4122] 4583] 5035] 5480 
147 |323| 382 | 437] 492) 544) 503] 642] 382 | 3503] 4040] 4566| 5078} 5580) 6074 
14% |336| 398 | 456] 512) 567| 619] 670] 383 | 3553| 4098| 4632] S151) 5660) 6162 
350| 414 | 475| 533] 591] 645| 698] 40% | 3913] 4514). 5102] 5675| 6238) 6791 
z 1364] 431 | 494] 556) 615| 671| 727] 403 | 3966] 4575] 5172] 5752) 6322] 6883 
z |379| 448 | 514] 578| 640) 698| 757] 422 | 4346) 5014| 5669) 6305 | 6932) 7547 
t |393| 467 | 534] 6o1| 665) 726| 787] 422 | 4402) 5079] 5742] 6386| 7021) 7645 
408 | 484 | 554.) 624] 691] 754] 818] 44% | 4802] 5541| 6265| 6969| 7663] 8344 
4 |424| 502 | 575| 647) 717| 783) 849] 442 | 4861 | 5609] 6342] 7055) 7757| 8447 
+ |439| 520 | 597| 672| 744] 813] 881] 462 | 5281] 6094] 6891] 7667] 8431] 9182 
+ 1455] 539 | 618| 696) 771| 843] 914] 463 | 5342] 6165] 6972] 7756] 8530| 9289 
472) 558 | 641| 721] 799] 873] 947| 48% | 5782| 6674] 7547) 8398) 9236) 10059 
4 |488| 578 | 663| 747) 827| 904] 981) 482 | 5847] 6748 | 7632) 8491 | 9339 | 10172 
% 1505] 598 | 686] 773] 856] 936| 1015} sot | 6307] 7280] 8234 9162 | 10078 | 10977 
¢ 1522] 618 | 710] 799] 886] 969] 1051] 50% | 6374] 7358] 8322] 92 0} 10186 | 11094 
539| 639 | 733| 826] 916] 1001 | 1086} 52% | 6854] 7913 8950] 9960] 10956 | 11935 
+ |557) 660 | 758] 854] 946| 1035 |1123] 52% | 6924] 7994| 9042 | 10062 | 11069 | 12057 
3 |575| 682 | 782| 882] 977] 1069] 1160] 54% | 7425) 8572] 9696 | 10791 | 11872 | 12933, 
2? 1593 703 | 808] 910] 1009] 1104/1198} 543 | 7497| 8657| 9792 | 10897 | 11989 | 13060 
690] 818 | 939] 1059] 11741 1285 | 1395] 56% | 8018] 9258 | 10472 | 11655 | 12824 | 13971 
20% | 710] 841 | 967 | 1090 | 1209 | 1323 | 1437] 563 | 8094] 9346 | 10572 | 11766 | 12946 | 14104 
203 | 730| 866 | 995 | 1122 | 1244 | 1362]1479] 58% | 8634] 9970] 11279 | 12553 | 13814 | 15050 
20g | 751) 890 | 1023 | 1154] 1280] 1401 | 1522] 58% | S712] 10061 | 11382 | 12668 | 13940 | 15187 
772} 915 | 1052 | 1186] 1316] 1441 | 1565] 60g | 9273 | 10709 | 12115 | 13485 | 14840 | 16169 
21% | 793) 941 | 1081 | 1219 | 1353 | 1482| 1609] 60g | 9354 | 10803 | 12222 | 13603 | 14971 | 16311 
21% | 815] 966 | 1111 | 1253 | 1390/1523 | 1654] 62% | 9935 | 11474 | 12981 | 14450 | 15903 | 17328 
21g |837]| 992 | 1141 | 1287 | 1428 | 1564 | 1699] 62 | Loorg | 11571 | 13092 | 14573 | 16038 | 17475 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 
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TABLE 34.— Continued. 


MoMENTs OF INERTIA OF Four ANGLES WITH UNEQUAL LeEcs, Axis X-X. 
SHorT LEGS TURNED OvT. 


T 
Moments of Inertia ' For Distances 
of Four Angles, Xx f xX d Measured 
Axis X-X, ‘ from 
Short Legs Turned Out. ' Back to Back. 
JIL oe mie Y, ; 
Size. 5” X 33”, Short Legs Turned Out. 
Thick. a Th eG Sy’ gu po a" Thick. gu Lap) a fa’ gy ay any 
Area 4[s] 12.20| 14.12 | 16.00 | 17.88 | 19.68 | 21.48 | 23.24 Area 4|s| 12.20 | 14.12 | 16.00 | 17.88 | 19.68 | 21.48 | 23.24 
d”’ Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, In.4. 
103 | 193| 221] 246| 272] 296] 320] 340] 32% | 2601] 3002| 3388) 3775] 4143] 4509] 4859 
10g | 204] 234] 261] 288/ 314] 339] 361] 324 | 2646] 3054] 3446] 3840| 4214] 4587] 4942 
IT | 216} 247| 276) 305 | 332) 359| 382) 34% | 2967) 3426] 3867] 4309] 4731] 5149) 5550 
Ig | 228] 261 | 292} 322] 351| 380] 405] 342 | 3015| 3481) 3929) 4379) 4807| 5233) 5639 
TTz | 240] 275] 308] 340] 371| 401) 428] 36% | 3358) 3877] 4378) 4880] 5357) 5833) 6288 
IIg | 253| 290} 324] 359] 391) 423| 451] 362 | 3409] 3936] 4444! 4953) 5439] 5921| 6383 
12 | 266] 305} 341| 378] 412] 445| 475] 38 | 3773] 4357] 4920] 5485] 6024) 6559) 7072 
12% | 280] 321| 359] .398| 433] 469] sor] 382 | 3827] 4419] 4990] 5564] 6110] 6653] 7173 
123 | 294| 337| 377| 418] 456] 493| 526] 40 | 4213] 4866] 5495] 6127] 6729] 7328] 7903 
12g | 308] 354] 396| 439] 478| 517| 553] 402°] 4270] 4931] 5569] 6210] 6820) 7427| 8010 
13 | 323| 3701 415| 460] 502] 5431 580] 422 | 4677] 5402| 6102) 6805] 7474} 8140] 8780 
134 | 338) 388) 434| 482) 525] 569) 608| 423 | 4737) 5471) 6180) 6892) 7570] 8245] 8893 
132 | 353| 406| 454| 504] 550] 595| 637] 44% | 5165, 5967| 6741) 7518) 8258] 8995 9704 
132 | 369] 424| 475| 527) 575| 623| 666| 443 | 5228| 6039] 6823) 7610] 8359| 9105) 9822 
14 386] 443) 496] 5st} 6or| 651) 656] 46% | 5678] 6560} 7412] 8267] 9082] 9894)10674 
14% | 402} 462] 518| 575| 627| 679| 727| 463 | 5744| 6636) 7498) 8363) 9188)10009|10798 
143 | 419| 482] 540] 599] 654) 709] 759] 48% | 6215) 7181] 8115) 9052] 9945/10835|11691 
14% | 437] 502] 563] 625] 682] 739]. 791| 483 | 6285) 7260) 8205] 9152/10055/10955/11821 
15 454] 522} 586] 650| 710| 770] 824] soz | 6777) 7830] 8850] 9872|10847|11819|12754 
15z | 472| 543| 609] 677| 739] 801| 858] S03 | 6849] 7913] 8944) 9977) 10963|11945|12890 
15x | 491] 564] 633] 704] 768] 833] 892] 522 | 7363] 8508] 9617|10728|11789]12846|13864 
15z | 510| 586] 658] 731] 798| 866] 928] 523 | 7438] 8594] 9715]10838)11909|12977/14005 
16 | 529] 609} 683} 759| 829] 899] 964] 54% | 7973] 9214|10415/11620|12770|13915/15020 
164 | 549| 631] 709] 788} 860] 933] 1000] 54% | 8052] 9304|10518/11734/12895|14052|15167 
16% |-569| 654| 735] 817] 892] 968] 1038] 56% | 8608) 9948/11246/12548/13790|15028/16223 
16% | 589] 678] 761} 846] 925 | 1<203|1076] 563 | 8689/10041/11352/12667|13921|15170|16376 
18 697 | 803] 902 | 1003 | 1097 | 1190] 1277] 58% | 9267|10710|12109/13512/14850|/16184|17472 
183 | 720] 829] 932 | 1036 | 1133 | 1230] 1320] 58% | 9352/10807|/12219/13635/14985|16332|17631 
18% | 743| 856] 962 | 1070] 1170 | 1270 | 1363] 60% | 9950/11501|13004/14511|15949|17383/18768 
182 | 767| 883] 992 | 1104 | 1207 | 1311 | 1407 % |10038/1 1601/13 118]14639| 16089 17536)18932 
20k | 915 | 1055 | 1186'1319| 1445 '1569| 1686] 624 '10658|12319/13931|/15546|17088) 18625|20110 
204 | 942 | 1085 | 1221 | 1357 | 1487] 1615 | 1735] 623 |10749/12424/14049|15678)17233|18783|20280 
22% |1135 | 1309 | 1473 | 1639 | 1796 | 1952 | 2099] 644 |11391|13166|14890|16617|18266)/19909|21498 
22% |1165 | 1342 | 1511 | 1682 | 1843 | 2003 | 2153] 643 |11485/13274/15012/16753|/18416)20073 /21675 
244 |1379 | 1591 | 1792 | 1995 | 2187 | 2377 | 2558] 66% |12148])14042/15881|/17724)19483|21237|22934 
ti 1412 | 1628 | 1834 | 2042 | 2239 | 2434 | 2618| 663 |12245/14153|16007|17864|19638)/21406/23116 
26% |1648 | 1901 | 2143 | 2386 | 2617 | 2846 | 3063 | 684 |12929/14945|16904)18866|20739|/22608) 24415 
26% |1684 | 1942 | 2189 | 2438 | 2674 | 2908 | 3129 | 68} |13029]15060|17034/19011/20899/22782|24603 
284 1941 | 2240 | 2526 | 2813 | 3086 | 3357 | 3615} 70% |13734/15877/17958)20044]2203 5|24021|25943 
284 |1980 | 2284 | 2576 | 2869 | 3148 | 3424. | 3687| 703 |13837|/15996|18093|20194|22200/24201 26137 
30% |2259 | 2607 | 2941 | 3276 | 3595 | 3912 | 4214| 72% |14564/16837/19045/21258/23371|25478)27518 
30% |2301 | 2655 | 2995 | 3337 | 3661 | 3984 | 4291 | 722 |14670|16959|19183|21412/23540/25663|27717 
Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 
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Size 

Thick y yal 

Area 4[s Rates 16.72 
d’”’ 
123” | 322 | 370 
14% 442 508 
143 461 | 530 
16} 606 697 
165 629 723 
18} 799 920 
183 | 825 | 950 
20% 1021 | 1177 
203 | 1051 | 1211 
22% 1272 | 1466 
gue \AiGtos |) sels 
24% 1552 | 1790 
245 1589 | 1832 
264 1860 | 2146 
264 1901 2193 
284 2198 | 2536 
283 2242 | 2587 
30z | 2564 | 2960 
304 2612 | 3015 
324 | 2959 | 3417 
323 | 3011 | 3476 
34% | 3383 | 3907 
343 3439 3971 
36% | 3836 | 4431 
363 | 3895 | 4499 
382 | 4318 | 4988 
383 | 4381 | 5060 
402 | 4829 | 5579 
403 | 4895 | 5655 
42% | 5369 | 6203 
425 | 5438 | 6283 
444 | 5937 | 6861 
443 | 6010 | 6945 
46% | 6535 | 7552 
465 | 6611 | 7640 
48i | 7161 | 8276 
483 | 7241 | 8369 
50% | 7816 | 9034 
502 | 7900 | 9131 
524 | 8500 | 9826 
522 | 8588 | 9927 


Moments of Inertia 
of Four Angles, 


Axis X-X, 


Short Legs Turned Out, 


’ 


TABLE 34.— Continued. 


MomENTs OF INERTIA OF FouR ANGLES WITH UNEQUAL LEGs, AxIs X-X. 
SHort Lecs TurNED OvtT. 


1 
2 


19.00 


gt 


21.24 


For Distances 


Moments of Inertia 


cad age 
' Back to Back, 
Mk 
6” x 4’, Short Legs Turned Out. 
| Si yy au ey Pe ag 
23-44 25.60 27.76 29.88 31.92 34-00 
About Axis X-X for Various Distances Back to Back of Angles, In.4, 
502 541 581 619 655 691 
693 748 805 858 gil 962 
723 781 840 897 951 | 1005 
955 1033 1112 1188 1262 1335 
O91 | 10724 \5 i565 1235 1311 1386 
1264 | 1369 | 1476 1578 1677 | 1776 
1306 1415 1525 1632 1734 1836 
1620 | 1756 1895 2028 | 2156] 2285 
1668 1808 1951 2089 2221 2358 
2023 2195 | 2369 | 2537 | 2699 | 2862 
2077 N25 3 2432 2606 | 2772 | 2939 
2473 | 2685 | 2899 | 3107] 3306 | 3507 
2533 | 2749 | 2969 | 3183 | 3387) 3592 
2970 | 3226 | 3485 | 3736] 3977 | 4220 
3035 | 3297 | 3562 | 3819 | 4066 | 4314 
3513 3818 | 4126 | 4424 | 4711 | 5Soo1 
3585 | 3895 | 4210 | 4516 | 4808 | 5103 
4104 } 4461 | 4822 | 5173 5510 | 5850 
4181 | 4545 | 4913 | 5272 | 5614 | 5961 
4741 | 5156 | 5574 | 5981 | 6372 | 6767 
4824 | 5246 | 5672 | 6087 | 6484 | 6886 
5425 | 5901 | 6382 | 6849 | 7298 | 7752 
5514 | 5998 | 6486 | 6963 | 7418 | 7880 
6156 | 6698 | 7245 7777 | 8288 | 8805 
6251 | 6801 | 7356] 7898 | 8416 | 8941 
6934 | 7546 | 8163 | 8764 | 9341 | 9926 
7035 7656 | 8282 8893 9478 | 10071 
7759 | 8446 | 9137 | 9812 | 10459 | 11115 
7866 | 8562 | 9263 | 9948 | 10603 | 11268 
8631 | 9396 | 10167 | IogIg | 11640 | 12372 
8743 | 9519 | 10300 ; 11062 | 11793 | 12534 
9550 | 10398 | 11252 | 12085 | 12885 | 13697 
9668 | 10527 | 11392 | 12237 | 13046 | 13867 
IOSIS | 11451 | 12393 | 13312 | 14194 | 15090 
10639 | 11586 | 12539 | 13471 | 14363 | 15269 
11527 | 12555 | 13589 | 14598 | 15567 | 16551 
11657 | 12697 | 137427] 14764 | 15744 | 16738 
12587 | 13710 | 14841 | 15944 | 17004 | 18080 
12722 | 13858 | 15oor | 16118 | 17189 | 18275 
13693 | 14917 | 16148 | 17350 | 18505 | 19677 
13834 | 15071 | 16315 | 17531 | 18697.| 19881 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 
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TABLE 34.— Continued. 


MoMENTs oF INERTIA OF Four ANGLES witH UNEQUAL LEGs, Axis X-X. 
SHorT LEGS TuRNED OUT. 


Moments of Inertia x 
of Four Angles x 

Axis X-X, ‘ 

Short Legs Turned Out. 


For Distances 
Measured 
from 
Back to Back, 


L 
lame 


Size. 6” x 4, Short Legs Turned Out. 


c ” 7 " ” 7 3 ” ” 
Thick. 3 Te 2 Ys a 13” a iv g 


& $ I 


3” 


16.72 19.00 21.24 23-44 25.60 27.76 29.88 31.92 34.00 36.00 


d” Moments of Inertia About Axis K-X for Various Distances Back to Back of Angles, 1n.4. 


544 9213 | 10650 | 12073 | 13475 | 14846 | 16175 | 17511 | 18816 | 20069 | 21342 | 22542 
542 | 9304 | 10756 | 12193 | 13608 | 14993 | 16335 | 17685 | 19004 | 20269 | 21554 | 22767 
562 | 9955 | 11509 | 13047 | 14563 | 16046 | 17484 | 18929 | 20341 | 21697 | 23075 | 24375 
563 | 10049 | 11618 | 13172 | 14701 | 16199 | 17651 | 19110 | 20537 | 21906 | 23296 | 24609 
58z | 10725 | 12400 | 14059 | 15693 | 17292 | 18844 | 20403 | 21926 | 23389 | 24876 | 26280 
583 | 10824 | 12514 | 14189 | 15837 | 17452 | 19016 | 20591 | 22130 | 23606 | 25105 | 26523 
60% | 11525 | 13325 | 15110 | 16866 | 18586 | 20255 | 21932 | 23571 | 25145 | 26744 | 28256 
2 | 11627 | 13443 | 15244 | 17016 | 18751 | 20434 | 22127 | 23782 | 25370 | 26983 | 28509 
62% | 12353 | 14284 | 16198 | 18082 | 19927 | 21718 | 23517 | 25276 | 26965 | 28681 | 30305 
623 | 12459 | 14406 | 16336 | 18237 | 20097 | 21903 | 23719 | 25494 | 27197 | 28928 | 30566 
64% | 13211 | 15276 | 17324 | 19340 | 21314 | 23231 | 25157 | 27040 | 28849 | 30686 | 32426 
64% | 13320 | 15402 | 17467 | 19500 | 21491 | 23423 25306 | 27266 | 29089 | 30942 | 32696 
66% | 14097 | 16301 | 18488 | 20641 | 22748 | 24796 | 26853 | 28065 | 30796 | 32759 | 34619 
665 | 14210 | 16432 | 18636 | 20806 | 22931 | 24994 | 27069 | 29098 | 31045 | 33023 | 34898 
68% | 15012 | 17360 | 19690 | 21984 | 24229 | 26412 | 28604 | 30748 | 32807 | 34900 | 36883 
6853 | 15128] 17495 | 19843 | 22154 | 24418 | 26617 | 28827 | 30989 | 33064 | 35173 | 37172 


70z- | 15956 | 18453 | 20930 | 23369 | 25758 | 28080 | 30411 | 32692 | 34882 | 37109 | 39220 
703 | 16076 | 18591 | 21088 | 23545 | 25952 | 28291 | 30641 | 32940 | 35147 | 37390 | 39517 
724 | 16929 | 19578 | 22208 | 24797 | 27332 | 29798 | 32274 | 34696 | 37021 | 39386 | 41629 
72z | 17052 | 19721 | 22371 | 24978 | 27533 | 30016 | 32510 | 34951 | 37294 | 39676 | 41935 


743 | 18058 | 20885 | 23692 | 26454 | 29160 | 31792 | 34435 | 37022 | 39505 | 42029 | 44425 
763 | 19092 | 22082 | 25051 | 27972 | 30835 | 33619 | 36416 | 39152 | 41780 | 44451 | 46987 
783 | 20155 | 23312 | 26447 | 29533 | 32556 | 35498 | 38452 | 41343 | 44118 | 46940 | 49620 
803 | 21247 | 24576 | 27882 | 31136 | 34325 | 37427 | 40543 | 43593 | 46520 | 49498 | 52326 


82% | 22368 | 25873 | 29355 | 32782 | 36140 | 39408 | 42690 | 45902 | 48986 | 52123 | 55104 
843 | 23517 | 27203 | 30866 | 34470 | 38002 | 41440 | 44892 | 48272 | 51516 | 54817 | 57954 
863 | 24696 | 28567 | 32415 | 36201 | 39911 | 43524 | 47150 | 50701 | 54110 | 57578 | 60875 
883 | 25903 | 29965 | 34002 | 37974 | 41867 | 45658 | 49464 | 53190 | 56768 | 60408 | 63869 


90} | 27140 | 31396 | 35627 | 39789 | 43869 | 47844 | 51833 | 55739 | 59489 | 63305 | 66935 
923 | 28405 | 32860 | 37290 | 41647 | 45919 | 50081 | 54258 | 58347 | 62275 | 66271 | 70073 
942 | 29699 | 34358 | 389090 | 43548 | 48015 | 52369 | 56738 | 61016 | 65124 | 69304 | 73282 
963 | 31022 | 35889 | 40729 | 45491 | 50159 | 54708 | 59273 | 63744 | 68037 | 72406 | 76564 


98% | 32374 | 37454 | 42506 | 47476 | 52349 | 57099 | 61864 | 66531 | 71014 | 75575 | 79918 
100} 33755 | 39052 | 44321 | 49504 | 54586 | 59541 | 64511 | 69379 | 74054 | 78812 | 83344 
1023 | 35164 | 40683 | 46174 | 51575 | 56870 | 62034 | 67213 | 72286 | 77159 | 82118 | 86841 
104% | 36603 | 42348 | 48065 | 53688 | 59201 | 64578 | 69971 | 75253 | 80327 | 85491 | 90411 


1064 | 38070 | 44047 | 49994 | 55843 | 61579 | 67173 | 72784 | 78280 | 83560 | 88933 | 94053 
108} 39566 45779 | 51961 | 58041 | 64003 | 69820 | 75653 | 81367 | 86856 | 92442 | 97767 
r104 | 41092 | 47544 | 53966 | 60282 | 66475 | 72517 | 78577 | 84513 | 90216 | 96020 |101553 
1124 | 42646 | 49343 | 56008 | 62564 | 68993 | 75267 | 81557 | 87719 | 93639 | 99665 |105410 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 
85 


‘ 


TABLE 34.— Continued. 


Moments OF INERTIA OF FouR ANGLES WITH UNEQUAL LEGS, AxIS X—X. 
SHorT LeEGs TuRNED OuvtT. 


Moments of Inertia 
of Four Angles, 
Axis X-X, 

Short Legs Turned Out. 


For Distances 
Measured 
from 
Back to Back, 


° 
, 


lL 
cs 
: 


Thick ve” Bae aad a” 44” sue 13” ad 4g// xy” 
Area 4[s| 23.72 27.00 30.24 33-44 36.60 39-76 42.88 45.92 49.00 52.00 
d” Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, In.4. 
163” | 955 | 1079 | 1197 | 1314 1429 1541 1645 1750 1854 1954 
18 1214 1373 1524 1675 1822 1967 2103 2238 2378 2503 
183 1254 1418 1575 1731 1883 2033 2174 2314 2454 2588 
20% 1554 | 1759 | 1955 | 2150 | 2341 2520 2706 2883 3059 3229 
205 1600) | 1812). 2013 2215 2411 2605 2788 2970 3152 3327) 
224 1942 | 2200 | 2447 2692 2933 3170 3395 3619 3842 4058 
223 1994 | 2259 | 2512 | 2765 3012 | 3256 | 3488 3717 | 3947 | 4169 
244 2377 | 2694 | 2999 | 3301 3598 3891 4170 4447 4724 4991 
243 2435 | 2760 | 3072 | _ 3382 3686 | 3987 | 4273 4557 | 4841 S115 
26% 2860 | 3243 3611 3977 4336 4692 5031 5366 5703 6029 
267 | 2924 | 3315 | 3692 | 4066 | 4433 | 4797 | 5144 | 5488 | 5833 | 6166 
28% | 3390] 3845 | 4284 | 4720 | 5147 | 5572 | 5977 | 6378 | 6781 7170 
283 3460 | 3924 | 4372 | @4818 5254 5687 6101 6511 6923 7320 
30% -| 3968 | 4501 | 5017 | 5530 | 6032 | 6531 | 7009 | 7482 | 7956 | 8416 
303 | 4043 | 4587 | 5113 | 5635 | 6148 | 66,6 | 7144 | 7626 | 8110 | 8579 
322 | 4593 | 5212 | 5811 | 6406 | 6990 | 7570 | 8127 | 8677 | 9230 | 9765 
322 | 4674 | 5304 | 5914 | 6520 | 7115 | 7705 | 8273 | 8833 | 9396 | 9941 
344 5265 5976 | 6665 7349 8021 8688 9331 9964 | 10602 | 11218 
342 5353 | 6075 | 6776) 7472 8155 8834 | 9487 | 10131 | 10780 | 11407 
36% 5985 | 6794 | 7580 8360 9125 9886} 10620 | 11343 12071 12776 
364 6078 | 6900 | 7698 8491 9268 10042 10787 11522 12262 12978 
382 | 6752 | 7667 | 8555 | 9437 | 10303 | 11164 | 11995 | 12814 | 13639 | 14437 
385 6852 7780 8681 9576 10455 11329 12173 13004 13841 14652 
40z | 7567 | 8593 | 9591} 1OS8x | 11553 | 12521 | 13456 | 14376 |. 15304 | 16203 
404 7672 | 8713 9725 | 10728 11715 12696 13645 14578 15519 16431 
42% 8429 | 9573 | 10687 | 11791 12877 13957 15003 16031 17068 18072 
424 8540 | 9700 | 10828 | 11948 13048 14143 15202 16244 17295 18313 
444 | 9339 | 10608 | 11844 | 13069 | 14274 | 15473 | 16635 | 17777 | 18929 | 20045 
44h 9456 | 10741 | 11993 | 13234 | 14454 15668 | 16845 | 18002 | 19169 | 20299 
46% 10296 | 11696 | 13061 | 14414 15744 17069 18354 19615 20889 | 22123 
463 | 10419 | 11836 | 13217 | 14587 | 15933 | 17274 | 18574 | 19852 | 21140 | 22390 
48% I1Z01 | 12839 | 14339 | 15825 17288 18744 | 20158 21545 22946 24304 
485 11430 | 12985 | 14502 | 16007 17486 18959 20389 21793 23210 24584 
50% | 12353 | 14035 | 15677 | 17304 | 18904 | 20499 | 22047 | 23567 | 25102 | 26590 
503 12487 | 14188 | 15848 | 17493 IQIII 20734. 22290 23827 25378 26883 
525 13452 | 15285 | 17075. | 18849 20504 22338 24023 25681 27355 28979 
522 | 13593 | 15445 | 17254 | 19047 | 20810 | 22568 | 24277 | 25952 | 27644 | 29285 
54% 14599 | 16590 | 18534 | 20461 22357 | 24246 | 26084 | 27887 | 29707 | 31472 
543 | 14746 | 16757 | 18721 | 20667 | 22583 | 24491 | 26349 | 28169 | 30007 | 31791 
56% 15793 | 17948 | 20054 | 22140 | 24193 26240 | 28231 30184 | 32156 | 34070 
565 15946 | 18122 | 20248 | 22355 24428 | 26494 | 28506 30478 32469 | 34402 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 
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TABLE 34.— Continued. 


MomEnts oF INzRTIA OF Four ANGLES WITH UNEQUAL LeEcs, Axis X-X. 
SHort LEGs TurNED OvtT. 


Moments of Inertia For Distances 


of Four Angles, Measured 
Axis X-X, pas x from 
Short Legs Turned Out. Back to Back, 


See eee 


(ee 
a 


8” x 6”, Short Legs Out. 


“hs, a” uw ZA 37 at a0 15/7 Mt 
Thick. St 2 ts” 3” pc C4 8 $ te 1 


Area4ls| 23.72 2'7.00 30.24 33-44 36.60 39.76 42.88 45.92 49.00 52,00 
a? Moments of Inertia About Axis X-X for Various Distances Back to Back of Angles, In.4, 


582’"| 17035 | 19360 | 21634 23886 26103 28312 30464 32573 34704 36771 
583 | 17194 | 19541 | 21836 | 24109 | 26347 | 28577] 30750 | 32878 | 35029 | 37116 
60g | 18324 | 20827 | 23274 | 25699 | 28085 | 30465 | 32782 | 35054 | 37349 | 39577 
603 | 18489 | 21014 | 23484 | 25930] 28338 | 30739 | 33079 | 35371 | 37687 | 39935 


62% | 19661 | 22347 | 24975 | 27578 | 30141 | 326965 | 35187 | 37627 | 40093 | 42486 
625 +| 19831 | 22541 | 25192 | 27818 | 30403 | 32981 | 35494 | 37955 | 40442 | 42857 
64% | 21045 | 23922 | 26737 | 29525 | 32270 | 35007 | 37677 | 40292 | 42934] 45499 
643 | 21221 | 24122 | 26961 | 29773 | 32541 | 35302 | 37995 | 40631 | 43296 | 45883 


66 | 22476 | 25550 | 28559 | 31538 | 34472 | 37398 | 40252 | 43048 | 45874 | 48617 
663 | 22659 | 25757 | 28791 | 31795 | 34753 | 37703 | 40581 | 43400 | 46248 | 49014 
682 | 23955 | 27232 | 30441 | 33619 | 36748 | 39869 | 42914 | 45897 | 48911 | 51838 
683 | 24143 | 27446 | 30681 | 33884 | 37037 | 40183 | 43254 | 46259 | 49298 | 52248 


70z | 25482 | 28969 | 32384 | 35766 | 39096 | 42418 | 45661 | 48837 | 52047] 55164 
70% | 25676 | 29190 | 32631 | 36039 | 39395 | 42743 | 46012 | 49211 | 52446 | 55587 
72% | 27056 | 30759 | 34388 | 37980 41518 | 45048 | 48494 | 51869 | 55280 | 58593 
72% | 27256 | 30987 | 34642 | 38261 | 41826 | 45382 | 48856 | 52255 | 55691 | 59029 


74% | 28883 | 32838 | 36714 | 40551 | 44330 | 48101 | 51785 | 55390 | 59035 | 62575 
764 30557 | 34743 | 38846 | 42907 | 46908 | 50899 | 54800 | 58617 | 62477 | 66226 
783 | 32279 | 36702 | 41038 | 45330 | 49558 | 53777 | 57901 | 61937 | 66017 | 69980 
803 | 34049 | 38715 | 43291 | 47820 | 52282 | 56734 | 61088 | 65347 | 69654 | 73839 


825 | 35866 | 40782 | 45604 | 50377} 55079] 59771 | 64361 | 68850 | 73390] 77801 
84% | 37730 | 42903 | 47978 | 53000] 57949 | 62887 | 67719 | 72445 | 77224 | 81867 
864 | 39642 | 45078 | 50412 | 55691 | 60893 | 66083 | 71163 | 76131 | 81156 | 86038 
883 | 41601 | 47308 | 52907 | 58449 | 63909 | 69359 | 74693 | 79910 | 85185 | 90312 


OF 608 | 49591 | 55463 | 61273 | 66999 | 72714 | 78309 | 83780 | 89313 | 94691 
ot eb 51928 | 58078 | 64164 | 70162 | 76148 | 82010 | 87742 | 93539 | 99173 
943 | 47764 | 54319 | 60755 | 67122 | 73398 | 79662 | 85797 | 91796 | 97863 | 103759 
963 | 49913 | 56764 | 63491 | 70147 | 76707 | 83256 | 89670 | 95941 | 102284 | 108450 


8% 2109 | 59263 | 66288 | 73239 | 80090 | 86929 | 93629 | 100179 | 106804 | 113244 
Dat ue 53 | 61816 | 69146 | 76398 | 83546 | 90681 | 97674 | 104508 | 114422 | 118143 
*to2k | 56645 | 64423 | 72064 | 79623 | 87075 | 94513 | 101804 | 108929 | 116138 | 123145 
1044 | 58983 | 67085 | 75043 | 82916 | 90677 | 98425 | 106020 | 113442 | 120951 | 128251 


64 | 61370 | 69800 | 78082 | 86275 | 94352 | 102416 | 110321 | 118047 | 125863 | 133462 
108! 63 i tee br 182 | 89702 | 98101 | 106487 | 114709 | 122744 | 130873 | 138776 
I10z | 66284 | 75392 | 84342 93195 | 101923 | 110637 | 119182 | 127532 | 135981 | 144195 
1124 | 68813 | 78269 | 87562 | 96755 | 105818 | 114867 | 123741 | 132413 | 141186 | 149717 
1144 1389 | 81200 | 908 100382 | 109786 | 119176 | 128386 | 137385 | 146490 | 155343 
aot Bee 84185 ane 104075 | 113827 | 123564 | 133116 | 142449 | 151892 | 161074 
1181 | 76683 | 87224 | 97587 | 107836 | 117942 | 128033 | 137993 | 147605 | 157392 | 166908 
1203 | 79402 | 90318 |101049 | 111664 | 122129 | 132580 | 142835 | 152853 162990 | 172847 


Moment of Inertia of Net Area = Tabular Value X Net Area + Gross Area (approx.). 
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TABLE 35. 
MoMENTS OF INERTIA OF Four ANGLES wiTH: Equa Lecs, Axis Y-Y. 


For Distances 
Measured 
from 


Back to Back. 


Moments of Inertia 
of Four Angles, 
Axis Y-Y, 


Equal Legs. 


: 63 43 
Distance Back to Back in Inches, we oe Distance Back to Back in Inches. 
a aa < 
(Pei aes ela oe ane oe oe In In? [oe { ¥ | eae ee ee ee 
BRIA 2.S4r|-6 2-1" |) 205 | 210 2283) 3.00] 3.40) 357, 23X25X4 4.976533) 6.2) 65) sO. 7) sale eONieS as 
Se NON Tale SS aSeS ule Se7 Ne AcduheAcsul 420 é 15 5.88| 6.6] 7.8] 8.1] 8.5] 9.2] 9.9 |10.7 
ee 16 4:60)\063-49|—4.2\|) 4-4'|| 426)| 6 20)|! 5:6) (Gor ete 6.92 | 7.9] 9.3| 9.7 |10.I |11.0 |11.9 |12.8 
SRA Ae a A nS eM 0 563) eG e5 |Os2 |p Oy, 79 7g} 8.00] 9.3 |I1.0 |II.5 11.9 |12.9 |14.0 |15.1 
3x3xk | 5.76} 9.0 |10.3 |10.7 |11.0 |11.8 |12.6 |13.5 32X32X4 6.76 |14.2 |16.1 |16.6 |77.1 |18.1 |19.2.|20.3 
“| 7.12 | 11.4 |13.1|13.5 |14.0 |15.0 |16.0 |17.1 oe 58 8.36 |18.0 |20.2 |20.8 |21.4 |22.7 |24.0 25.4 
“ 31 8.44 | 13.7 |15-7 |16.3 |16.8 |18.0 |19.2 |20.6 a Bl.9:92 21.8 |24.3 |25.0|25.7 |27.2 |28.8 |30.5 
“ 3] 9.72 | 16.0 |18.4 |19.0 |19.7 |21.0 |22.5 |24.0 ao Ue 11.48 |25.4 |28.6 |29.5 |30.3 |32.1 |34.0 |36.0 
“ 2 | 11.00] 18.4 |21.1 |21.9 |22.6 |24.2 |25.9 |27.6 $/13.00 |29.2 |32.8 |33-7 |34.7 136.8 139.0 |41.3 
: 325| 12.24 | 20.8 |23.8 |24.7 |25.6 |27.4 |29.2 |31.2 . 16 14.48 |32.8 |37.0 |38.1 |39.2 |41.6 [44.1 |46.7 
s : ; ; : : Ay IHS Pe ea ec alse : : : 2 Q 
Distance Back to Back of Angles in Inches, 
In In ° 3 16 % 16 3 £6 3 i $ = 1% 1} 
Axa | 7.701 21 5-\ 23.6) 24.340 25.0)| 25.6) 26.31) -26.:9'| 27.40) 20.01 \ie eon pee | ae 
Soe er| OOO! e209) 29:74) ZO | Bil.3 | 32-11) 32:911933.7; 0 94s 5u SOs Smee a eer eee 
See LU-44a32.3 | 35.9:1-30.74| 37-01|, 38-0.) 39.5 | 40.5 |) AU) | 43. 7c) eet ee ee 
sel 13-24-| 037.7 | 44.71 42-8)|43-9)| 45.0 | 46.2:)47-4,|| 48.01)! 50.0 eeeee ees eee eee |e 
sep L5.00 |- 43-1 ||-47.8)| 49.0,|50:3)| 51.6) 5229] 54535) 5507 lh 5 Oebel eae eee |e 
See 16.72°1, 49.0) /84-3 |. 55-7 |b 702)| 58.0)) 0.1) OF:6)|763.2)) OOxG le meen eee lee ee 
SSPE S:44 GAS, | 60.51/62." 163.71) 65.3 | 67.0] 68.7170. Gul, Fae aly eee een eee see ee 
BERS 1444-5 62.7 |e 68.1 |, 69:5) -70.9:|. 72.34 73-81 75.341 7Os0iN 7s 0 |= ea ee |e | 
Set 10572)|_ 73-2 |79e5|| O11 | 82.7 | 84.41 86.01 87.9 | SOs7 i O39. gal es ean eeeene a | ee 
“7 '19:00'| 84:6) 90.9)| 92.8'| 94.7'| 96.7 | 98.6:/100.6 |TO242|' 106.00), <2 oe ec ee ee 
$e! 21-24.) 94.8) | 103.1 |FO5.2 107.4) |109.6| 111.9 |X 14.2 |T1O. 53 120.30 eeee eee | 
CD30) 23.44 105-6: 114.7 |FL7.E |119.5 |122:0 1124.5 :1127.0 |129.6 [E12 6 -On| eee eas eee en eee | 
421 25.60 | 116.4 |126.3 |129.0 |131.6 1134.4 |137-1 140.0 142.8 | 148.70) oe ce) eo eee 
SSP 27.76'\126.8"| 138.1. |L41.0)|143-9 |146.9 |150.0)| 853.0 |250:2|) LO2.Ontnet tc 5 eecee a eee eee 
OxOx$ 507-44 108.5 ae 119.8 |121.8 |123.9 |125.9 128.1 | 132.4 | 136.8 | 141.4 | 146.2 | 151.0 
PEE te yone yr tallel (1 el lee eae eareoer 139.8 |142.2 |144.6 |147.0|149.5 | 154.5 | 159.8 | 165.2 | 170.7 | 176.5 
Ts ALON ovo) lla 7 WRG) | ee asl 159.8 |162.5 |165.3 |168.1 171.0} 176.8 | 182.8 | 188.9 | 195.3 | 201.8 
Bi ON a) (I (OG eSe || eeeee ee 180.9 |184.0 |187.1 |190.3 |193.5 | 200.1 | 206.9 | 213.9 | 221.1 | 228.5 
Be TN etek 20 Gop toh ese ete are 201.2 |204.6 |208.1 |211.7 1215.3 | 222.7 | 230.3 | 238.1 | 246.1 | 254.4 
ins Ne fas 2d | Xoo yn (allt tee | nena 221.6 |225.4 |229.2 |233.2 |237.1 | 245.3 | 253.7 | 262.3 | 266.7 | 275.7 
Segetellg 370s 20910, |e eeenill eas 243.3 |247.5 |251.7 [256.0 |260.4 | 269.4 | 278.6 | 288.1 | 297.9 | 307.9 
Se eli CcO a2 50-0) meena 284.6 |289.5 |294.4 |299.5 |304.8 | 315.2 | 326.1 | 337.2 | 348.7 | 360.3 
VEIT 442 OO "204).0 |e meanl ce 326.3 |332-0 |337-7 |343-5 1349-5 | 361.6 | 374.1 | 386.9 | 400.0 | 413.8 
SxOxe 59 1.0011:343.2 | ete |e 369.8 |374.4 |379-1 [383-8 |388.7 | 398.5 | 408.5 | 418.9 | 429.4 | 440.2 
STE) 34572 1595-9 arene een 415.9 |421.2 |426.5 1431.8 |437.3 | 448.4 | 459-7 | 471.3 | 483.2 | 495.4 
Sea a Be Ag alt4i2. 8.8 |e es |eiee 462.4 |468.2 |474.1 |480.1 |486.2 | 498.5 | 511.2 | 524.2 | 537.4 | 551.0 
SAI AD LORNA TL. One eae eats 508.8 |515.3 /521.8 [528.4 [535.1] 548.8 | 562.7 | 577.0 | 591.7 | 606.6 
eS A ee OM O: Ol eens ees 557-6 |564.7 |571-9 |579.2 [586.5 | 601.6 | 616.9 | 632.6 | 648.7 | 665.1 
BOBS WCF op) (oo Rip alle ead | enue 651.1 |659.4 1667.9 1676.4 |685.1 | 702.7 | 720.8 | 739.2 | 758.1 | 777.3 
EeE TA | OOOOi || OO 2.G)| peeeee al tee 748.4 |758.0 |767.8 |777.7 |787-7 | 808.0 | 828.8 | 850.1 | 871.8 | 894.1 
OO ANCHO vei Alohsh hea pee Neetete 843.4:|854.3 |865.4 |876.6 |887.9 | 910.9 | 934.5 | 958.5 | 983.1 |1008.3 
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Radii of Gyration about Axis Y-Y, same as given in table of Radii of iGyration of Two Angles. 


Size of 


Angles, 


TABLE 36. 


' 


Moments or INERTIA OF Four ANGLES wITH UNEQuAL Lrecs, Axis Y-Y. 
Lone Lees Out. 


Moments of Inertia 


i=] 


2x2 
« 


Ww 
tole 

am 

ds 
bolt 


nn 
a8 


x 


ot Pt Lael 
a ols 


b4 
OOOOH] Ant pa one > al o0|e0) 
ol alt lai ol 


a: 


s 
a 


co 
2h (5 Scobie ok en OS 
a PP ar i ie Se 
oO’ 


tal 
es) Pro ia 
aH 


Ble 


+ Colon} 
i 


YX colnzi con 
fs eI 


tal 


NIKE 
2) 


Eee 


a2) 


For Distances 


of Four Angles, = : Measured 
_ Axis Y-Y, from 

Long Legs Turned Out. ir =| Back to Back. 
pug S g Pique 

$ oe) Distance Back to Back in Inches. NE b 20 Distance Back to Back in Inches, 
Ores events} =e || ke led In. | In2} o ra ts a i 5 a 
3.241 3.9| 4.6| 4.8] 5.0] 5.4] 5.8] 6.2/3x24x2] 5.24] 9.0] 10.3] 10.6] 11.0 TU 7\el2.5| e133 
4.24| 5.2| 6.2| 6.4) 6.7] 7.2] 7.8) 8.4] “ ve] 6.48] 11.2] 12.9] 13.3] 13.8] 14.7] 15.7] 16.7 
5.24| 6.6| 7.7] 8.1} 8.4] 9.1] 9.8)10.5] “ g | 7-68] 13.8] 15.7] 16.2] 16.8] 17.9] 19.1| 20.3 
6.20] 7.9| 9.3) 9.7 |10.1 |10.9|11.7|12.6] “ 7g] 8.88) 16.0) 18.4] 19.0] 19.6] 21.0] 22.4 23.8 
7.12| 9.3 |10.9 |11.3 |11.8 |12.7|13-7|14-7| “ 3 |10.00] 18.3] 21.0] 21.7| 22.4] 24.0] 25.6 Dif P 
5.76|14.3 |16.0 |16.4 |16.9 |17.9/18.9 19.9]33x3x2| 6.24] 14.4] 16.1] 16.6] 17.0] 18.0] 19.0] 20.1 
7.12|18.1 |20.2 |20.7 |21.3 |22.5|23.8/25.1| “ is| 7-72| 18.0] 20.2 20.7| 21.3) 22.6] 23.9] 25.2 
8.44|21.4 |24.2 |24.9 |25.6 |27.0/28.5/30.1| “ % | 9.20) 21.6] 24.3] 25.0] 25.7] 27.2] 28.8] 30.4 
9.72|25.1 |28.2 |29.0 |29.8 |31-5/33-3|35-1] “ zs|10.60) 25.2] 28.3] 29.1] 30.0] 31.7] 33.5] 35.4 
11.00|28.6 |32.3 |33-2 [34-1 |36.1/38.1|40.2| “ 3 |12.00] 29.2] 32.7] 33.7} 34.61 36.7] 38.8] 41.0 
6.76|21.3 |23-7 |24.3 |24.8 |26.1/27.4/28.815x3x7%5| 9.60] 52.3] 56.3] 57.4] 58.5] 60.8] 63.2] 65,6 
8.36|/26.8 |29.6 |30.3 |31.0 |32.6|34.2/35-9| “  |I1-44| 62.7) 67.6) 68.9] 70.2] 73.0] 75.8] 78.7 
9.92|32.1 |35.4 |36.3 |37-2 |39-1|41-0/43.0| “ '5|13.24] 73-2] 79.3] 80.8] 82.4] 85.6] 89.0] 92.4 
11.48|37.5 |41-4 142.4 143.5 |45.7|47-9|50-3] “ 3 |15.00) 84.0] 90.5] 92.3) 94.1] 97.8/101.6/105.5 
13.00|43.2 |47.7 |48.9 |50.1 |52.7|55-3|58-0] “ 7@|16.72| 94.0/101.8/103.8|105.8/110.0/114.2|118.7 
14.48]48.6 |53.7 |55.1 |56.4.|59.3162.2/65.3] “ % |18.44/105.3]113.8/116.1/118.3/123.0/127.8/132.7 
15.92/54.0 |59.9 [61.3 [62-7 |65.9|69.0|72.6] “ 4§/20.12/115.9/125.2/127.7|130.2/135.3/140.6|146.1 
$ ic) Distance Back to Back of Angles in Inches, 

Sea 
In2 ° 4 3 3 is i | & $ i t I 14 1} 
ROR Ag EC SIE Oren 7zOlle 8.916 50.9'| OF. Ts} 62-3. |.'63.6 | ©65.0 (ie aoe 22 ee ee ee 
EO ONEO2 = ZO 718) wOorzile 70.5 ni L.O)17075.3) |, 7407 170.2 70.20 |\ ae eee eee |e 
EAM e Fella. Ule SOr7 1h 82-2 /03.0)] 05:5 |-07-2'| 88.9) 192-4z|) ees) ee || Cee 
MOONS ROMOO Oa 92- 7194-6 96.41! 98.3) 1100.2 102.2 | 1062) || =a Se || Sees 
17.88 || O4.6/102.4'|104-4 |106.5 |108.6.|T10.7 |112-9 |115.1 | 119.6 | | a |e | 
TH OSIMOSO|LIF-7411 15-9) 118.2))120:6/123-01 025.4 1127.8 |kE32.01), 2s as | ee | 
25-4G1 155 -01925,01127.0 1130.0 1132.7 1135-3 1138.0 |140.7 | 146.2 |) 8 | | 
23 ,24.1120,9|137-4 \140.3 1142.9 |145.9 148.7 |151.6 |154.6} 100.6 |. | ass | a | el. 
MAAANTOS.2) 005.5 |DE7.GNTL9.2 (121.2 123.0 (025.0 (127.0 | 135-3.) 2a | Se | eee 
MOL 2OU ESA sou FO. 74139.0 | TAT :2 149.25. /145.0\148.2)) 153-0). || 52) | Sees) ee 
Toroei F448) 164-6 1067, 51/059.7 |162.3' |164.9 |167-6 1170.3 | 075.9) |. ance | sacmeoe |) eect Meee 
BE AN16220|8'73-0.1170.7 |879-6 1182.6 (185.5 [188.5 |191.6 | 197-9 |i nnnmene || nneceens | stemtee Ponte 
23.44 |180.9|193.1 |196.3 {199.5 |202.8 |206.1 |209.5 |212.9| 219.9 | -..-.-. |---| ae | a 
25.60 |200:1|213.7 |217.2 |220.8 |224.4.|228.1 |231.8 1235.6.) 243.3 | acne | xemcne | msomere | cenmene 
27.76 |218.1|233.0 |236.9 |240.8 |244.7 |248.8 |252.8 1256.9 | 265.4 | | | nese | eae 
41.92 |254.2|271.8 |276.3 |280.9 |285.5 |290.2 |295.0 |299.8 | 309.6 | .....-- | --ms- | me | ------ 
36.00 |292.8/312.6 |317.8 |323-1 |328-4 |333-8 |339-3 |344-9 | 356-2 |---| --—--- | ------ | ---- 
23.0172 |299.2| mannan | --nn---- 321.9 |325.8 |329.8 333-9 |337-9 | 346.2 | 354.7 | 363.3 | 372.1 | 381.2 
BOON ZAZ-O| ease aoe 367.9 |372-4 [377.0 |381.6 |386.2 | 395-7 | 405.4 | 415.3 | 425-4 | 435.8 
BOGa 1386.2) <25. 1... 415.5 |420.6 |425.7 |431-0 |436.3 | 447.0 | 458.0 | 469.2 | 480.7 | 497.4 
SAMAR S20 see ek 461.5 |467.2 |473.0 478.8 |484.7 | 496.7 | 508.9 | 521.4 | 534.2 | 547.2» 
36.60 |471.2| 00 | ------- 507.5 |513.8 [520.2 |526.6 |533-1 | 546.3 | 559.8 | 573-5 | 587-5 | 601.9 
49:76 |S14.0| | ...--.- 553.8 |560.7 [567.6 |574.7 |581.8 | 596.2 | 611.0 | 626.0 | 641.4 | 657.1 
6 GOOO2O| care lreates-- 648.6 |656.7 |664.9 |673.1 |681.5 | 698.5 | 715.8 | 733.5 | 751-5 | 769.9 
5 2:00)1688.0) 2 aan 741.8 |751-1 |760.5 |769.9 |779-5 | 799.0 | 818.8 | 839.1 | 859.8 | 880.9 


A colt [cor 


Radii of Gyration about Axis Y—Y, same as given in table of Radii of Gyration of Two Angles. 
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f TABLE 37. : 


Moments oF INERTIA OF Four ANGLES WITH UNEQUAL LeEGs, Axis Y-Y. 
SHort Lecs Out. 


Moments of Inertia ( For Distances 
of Four Angles, Vi = Y Measured 


Axis Y-Y, : from 
Short Legs Turned Out. fi 1 Back to Back. 


See aa. S68 | geyd 
© oO o on i ; o 0 2 on " 
Se an8 Distance Back to Back in Inches. as ams Distance Back to Back in Inches 
In, MoE See sa scel e Wpe imei ce fk! OM reall sesel Der [Peer {lh ts Fi 
24x2x3;| 3.24| 2.0] 2.5| 2.6] 2.7] 3.0] 3.3] 3.713x24x2] 5.24] 5.2] 6.2] 6.5] 6.7) 7.3] 7-9] 8.6 
: 4 PED AN E27 aga eS Sie Ae Lie ALONG @ A | 6.48] 6.6) 7.8] 8.1} 8.5] 9.2] 10.0) 10.8 
eetee SDA 340 Aoi bl e4a7a | 15221 so) Ord) 2 | 7.68} 8.0] 9.5 | 9.9 |10.3 |II.2 | 12.2 | 13.2 
“ 2) 6.20] 4.1] 5.2] 5.4] 5.7| 6.3] 7.0| 7.7] “ z5| 8.88] 9.5 |11.2 |1I.7 |12.2 |13.2| 14.4] 15.6 
“ y6| 7-12|.4.8| 6.1] 6.4] 6.7] 7.5] 8.2] 9.1] “ 4 |10.00]10.8 |12.9 |13.4 |14.0|15.2 |16.5 | 17.9 
33%25%4| 5.76| 5.2] 6.2] 6.5] 6.8) 7.4 8.7 133x3x1| 6.24] 9.0 |10.4 |10.7 |II.1 11.9 | 12.7 | 13.6 
‘ 25] 7.12| 6.6{ 7.9] 8.3} 8.6] 9.4 |10.2 11.0] “ 335] 7.72 |11.4 |13-1 |13-5 |14.0 |15.0| 16.0] 17.2 
“ 31 8.44] 8.0] 9.6|10.0|10.4 |11.3 |12.3 113.4] “ 2 | 9.20/13.8 |15.8 |16.3 |16:9 |18.1 | 19.4 | 20.8 
© zs| 9.72| 9.4 |11.2 |11.7 |12.2 |13.3 14.5 [15.7] “ q|10.60|16.0 |18.4 |19.1 |19.8 |21.2 ) 22.7 | 24.3 
4 |11.00 |10.8 |12.9 |13.5 [14.1 ]15.4 |16.7 |18.2| “ 4 |12.00|18.6 |21.4 |22.2 |23.0 |24.6 | 26.4 | 28.2 
4x3xk | 6.76| 9.1 |10.5 |10.9 |11.3 |12.1 |12.9 |13.8 [5x3x3%5| 9.60 |11.3 |13.2 |13.7 |14.2 |15.3 | 16.5 | 17.7 
“6 Bs] 8.36 |11.4 [13.1 [13.6 |14.1 |15.1 (16.2 |17.4| “ 2 |11.44 |13.6|16.0|16.6 17.2 |18.5 |19-9 | 21.4 
“ 2 | 9.92 |13-7 |15.8 |16.4 |17.0|18.2 |19.5 120.9] “* 7113.24 |16.1 [19.0 |19.7 |20.4 |22.0 | 23.7 | 25.4 
 Zel11.48 |16.1 |18.5 19.2 |19.9 21.4 }22.9 |24.6] “ F |15.00/18.5 |21.8 |22.6 |23.5 |25.3 | 27.3 | 29.3 
“< % |13.00 |18.6 |21.5 |22.3 |23.1 |24.8 |26.7 |28.6] “ 3%|16.72 |21.0 |24.7 |25.7 |26.7 |28.7 | 30.9 | 33.2 
© 35|14.48 |21.1 124.4 |25.3 |26.2 |28.2 |30.2 132.4] “ $.|18.44 |23.8|28.0 29.1 |30.2 |32.6| 35.1 | 37.7 
“ § |15.92 |23.6 |27.2 |28.2 [29.3 131.5 133.7 |36.2 |“ 79|20.12 |26.4 31-1 32.3 33.6 |36.2 | 39.0| 41.8 
Se ged ; 
8 2 4 A Distance Back to Back of Angles in Inches. 
ad | sed 
In In? | o é 6 3 vs 2 16 3 zi $ x 13 1t 
GXAekq | 10-240 || TOE, 20-41) 200i), 2507 |b 22.4, | 23.0!|2 3/27 oqo) le Oc Oy lo | eee | ee | 
eh 2 520) 20.74 24.0) 162503)" 26. 1118 20-91)| 27.8 28: Oule 20:5, |g ain meee asl Reem eee ee 
CP eglT4ck2 | 25-5.) 28.8 |. 29:7 |: 30.61 31.6) 32.5 | °33-0)-94.6'1) 4Gs8) |p a_con) coerce |) eee 
25 + |(LO.00! | 2954! 33-38) 34-41). 3.5-5,| 63.0:0)|\-3.7-7 3. S-On lA Ook nied 2* On| reese | ee erotica ee 
“ ge|17-88| 33-3 | 37-7] 38-9) 40.1] 41.4] 42-7] 44-0] 45.4] 48.3 | | me | ee | 
=e |19:68 | 37-1 [42-05 43-4)|'44.8 |< 46.2 47.7 |, 492235027) | 530i jee eeee | eames eee ee 
A20-48)) 41.01) 40.0)| 48.0 \e4916'| o50.2,1152.8;|, 154.4 15 Gale 5 at7a |e ae |e 
So 23:24. (4544 Ii § 1-6 153-33, 55:0] $6-7)|- 58-5 | 60:4:| 62.2 |) 66sns |b een |e 
6x42 0/1 4.44}|| 32.45) °36.0)|:.37.0)| 38.01) 39.019 40.0)| 41. 142-2) |" 420.6) accee  eeenc n|eeeeee| 
: 76) 10.72 37.8) | 42-9 43-2 44-41 45-6| 46-9 | 48-211) 4ous) en oeo nee | eee eee 
cc By [19-900 | 43-7 48.7,|'.50:0:| 51.41|) 52.8 [54.31 55.9)|0 57-33), OCaml es cece nm eee [ane eae 
; 16|21-24| 49.3] 55.0 BOS $8.0 | 5937) OF.4:|) (63 iG4.8) 1) eG Se 4a eeeeanl | eeeeenets nee | eee 
SS 35 123-44 |) 54.9)\) 00.3) |) 63 |"64.8.|) 66.6))) 68.551" 70.4ill 72.3) Osd a |eeeence |e eee | 
Se A125.00 101-2 |: 68.4, 10:70.3) 72-310 74-310 76:40) 78.5) | Ory: le She alle ce eee |e en | 
ee a (217276 | O72 75.0) | Z7ols|" 79-3" |) O1- 5403.8) = 80.2) |) OSes | aa aii | een ae one One e 
<5 FS 13,1 .9211. 78.9,|, 88:5:| OL-Ol! 93.6i|, 96:2)1"'98.9 | TOT-71| 104.5 || T1O.3) |e are eee ne eee 
Esl |36.00)|\-9251 |103.41/106.3°|109.3) |112.4)/ 115-6) 019.8) 122.1) 128.0) | eee eee | eee | ee 
BXOK 7 g(2307 21 OLO eres ol eee 140.6 |143.0 |145.5 |148.1 |150.7| 156.0 | 161.5 | 167.2 | 173.0 | 179.1 
Ese 127, OON Teor Tell ecmc me teeee om 160.9 |163.7 |166.6 |169.5 |172.5 | 178.6 | 184.9 | 191.5 | 198.3 | 205.2 
38 |90-24CO4.2 | Ven 182.3 [185.5 |188.8 |192.1 |195.5 | 202.5 | 209.7 | 217.2 | 224.8 | 232.7 
eee tS 3r44 (882.61 etc aes 202.8 |206.4'|210.1 |213.8 |217.6 | 225.4 | 233-5 |.241.8 | 250.4 | 250.2 
i, 4836-60 |201.0 |. | 223.5 |227.4 |231.5 |235.6 |239.8 | 248.5 | 257.4 | 266.5 | 276.0 | 285.8 
o # (39-76 [219.6 |-.-2 | 244.3 |248.7 |253.2 |257.7 |262.3 | 271.8 | 281.6 | 291.7 | 302.1 | 312.7 
io BAGO 2a 2G Sam, eee | eee 287.8 |293.0 |298.3 |303.7 |309.1 | 320.4 | 331-9 | 343-9 | 356.1 | 368.8 
I 52.00 [296.7 | ........ | -------- 330.7 |336.7 |342.8 |349.0 |355.4 | 368.3 | 381.7 | 395.5 | 409.6 | 424.3 


Radii of Gyration about Axis Y—Y, same as given in Table of Radii of Gyration of Two Angles. 
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TABLE 38. 


Rapitl OF GyRATION OF Two ANGLES wiTH EquaL Lecs, Boru AXEs. 


Radii of Gyration ee For Distances 
of Two Angles, Measured from 
Equal Legs. Back to Back. 


Axis Y-Y, P Veodl of Axis Y-Y. 


Size of 
Angles, 


Distance Back to Back in Inches, t Distance Back to Back in Inches. 


[eee pep eT me [mes eae 


-95| .99|1.04|1.09]T. : Ai fel Oouletal tel 
-96| .99|/I.04|1.09/1. % : : 1.06 et Slat y7 
-98|I.00/1.05/1.10}1. : ‘ (1.07, 1.16|1.18 
-99|I.O1)1.07/1.11/1. ; .75|1.08)1. 17|1.20} 

1.36)/1.38]1.43/1.48/1. 3.38 1.09 1.45|1.54]1.57 

1.38/1.40/1.45/1.So\1. : 08 /1.47,1.56)1.58 
1.39/1.41/1.46/1.51\I. : .07|1.48/1.57)1.59 
1.40|1.42|1.47|1.52|I. ; .07|1.49|/1.58)1.60 
1.41/1.43]1.48/1.53|1. : 06 '1.50/1.59]1.61 
1.42|/I.45/1.50|1.54I. ; 05 1.51/1.60|1.62 
1.43|1.46/1.51/1.55|1. ; .04;1.52 1.61/1.63 


IH colcor| | 
fox BI el? 


leo] 
a 


i) ere) 
jones 


ion) 


olot | 


1.29 
130 
130 
lesen 
1.67 
1.69 
1.70 
B.72 
1.73 


1.75 
1.76 


1.34 
1.35 
1.36 
1.37 


1.73 
1.74 
1.75 
1.77 
1.78 
1.80 
1.81 


Wis 


Distance Back to Back of Angles in Inches. 


$ 16 a ts $ 
1.79 | 1.82 | 1.84 | 1.86 | 1.88 
1.80 | 1.83 | 1.85 | 1.87 | 1.89 
1.81 | 1.84 | 1.86 | 1.88 | 1.90 
1.82 | 1.85 | 1.87 | 1.89 | 1.92 
1.83 | 1.86 | 1.88 | 1.90 | 1.93 
1.85 | 1.87 | 1.90 | I.92'| 1.94 
1.88 | 1.91 | 1.93 | 1.95 
CPIM pS oy PA Ie) | aac hie 
PAPAS || Ox egh|\ PRp%o) |) Pes 
DAS) || PAS || LYo) || Vee 
ADap |) Ako) | BAX | Bsa 
PERS PSO | ARI | P2255 
DKS) | GIO» || DV || OLXS 
Pho) || eA || Qals || Bach, 
2.64 | 2.66 | 2.69 | 2.71 
PHOS | ASH) |) PASO) || a? 
2.66 | 2.68 | 2.71 | 2.73 
POY) || 2p 272) ZT AL 
2.68 | 2. 273 
2.09125 2.74. 
PAL Ih) De 2.76 
Diy || De hy] 
2.75 | 2. 2.79 
3-47 | 3- 3.52 
3-48 | 3. 3-53 
3-49 | 3- 3-53 
3-50 | 3- 3-54 
Bole |) Bo 3.56 
3-53 | 3- 3-57 
Bass || Be 3.60 


ra 


~ 
fal 
of 
Lat 


1 
4 
a8 
16 
3 
8 
pe 
16 
a 
2 
c8 
16 
5 
8 
3 
8 


Run 
bal 


bol Hy 
jowrols 


|= Color 


no) al 


4 
larked Alaa Ph al Cola 
rH a 


rs 
cs) 


ola [com] 


3.83 


14133-4611 2.42 55 | 3.57 | 3.60 | 3.62 | 3.64 | 3.69 3-79 


Moments of Sata about Axis Y-Y equal one- -half of values given in Table of Moments of 


Inertia of Four Angles, Table 35. 


TABLE. 39. 
Rapi oF GyRATION oF Two ANGLES witH UNEQuAL Lecs, BotH AXES. 
Lone Lecs Ouvt. 


Radii of Gyration For Distances 
of Two Angles, ; Measured from 
Long Legs Turned Out. ! Back to Back. 


Axis V-Y. § le08] Axis Y-Y. 


Distance Back to Back in Inches. a Distance Back to Back in Inches. 


| 
o | 2 Bleee oS ee me eal Tne o | 3 paltaet Wels 


I.10|1.19/1.22/1.24 1.29]1.34,1.38 1) 2.62] .75 |1.31/1.40,1.42|1.45|1.50|1.55|1- 
L.11|1.20|1.23|1.25 1.30|1.36, 1.40 .24| -74 |1.32/1.41/1.43/1.46/1.51/1.56)1. 
I.12)1.21|1.24)1.26 1.31|1.37)1-42 84) -74 |1.33/1-43/1-45/1-48)1.53|1.58/1. 
1.13/1.22/1.25'1.28 1.32/1.38)1.44 44| .73 |1.34/1.44'1.46]1.49/1.54|/1.59|1. 
I.14|1.24]1.26|1.29 1.33]1-39|1-46 ,00| «72 |1.35/1-45)1.47|/1 .50/1.55|1-60]I. 
1.58/1.67|1.69'1.71|1.76]1.81|1.86 .12| .QI |1.52/1-61/1.63|1.65|1.70}1.75 
1.60|1.68] 1.70, 1.73|1.77|1.82/1.88 86] .90 |1.52|1.61/1.64|1 .66)1.71/1.76) 1. 
1.61}1.69]1.72|1.74|1.79]1.84|1.89 .60| .90 11.53)1-62)1.65/1 .67)1.72/1-77| 1. 
1.61]/1.70|1.73 1.75|1.80|1.85/1.90 .30| 89 |1.54)1.63 1.6611 .68/1.73]1.78 
1.62]1.71|1.74)1.76|1.81|1.86|1.91 .0O| .88 }1.55]/1.65 1.68|1.70/1.75|1.80} 1. 
1.77]1.87|1.89| 1.92]1.96)2.01/2.06 80] 85 |2.33]2-42/2.45/2.47|2.52|2.57|2. 
1.79|1.88) 1.90 1.93|1.97|2.02|2.07 .72| 84 |2-34/2.43 2.46 2.48/2.53/2.58|2. 
1.80] 1.89] 1.91/1.94]1.98)2.03|2.08 62] .84 |2.35/2.45/2.47/2.49/2.54|2.59|2- 
1.81]1.90|1.92)1.95]/1.99|2.04/2.09 .50| 83 |2.36/2.46|2.48/2 .50/2.55'2.60|2. 
1.82]1.92/1.94!1.96|2.01/2.06]2.11 .36| 82 |2.37/2.47/2.49 2.52/2.57 2.61 
1.83]1.93 1.95 1.97|2.02|2.07/2.12 -22| 82 |2.39 2.48,.2.51 2.53 2.58/2.63 
1.8411.94'1.96 1.98|2.03/2.08|2.14| “*- .06| .81 |2.40|2.49 2.52 2.5412.59,2.04|2. 


AxisY-Y. 


oS n n 
Ral STIR 
I a } I 
Colom] It RO] HH] Colca ey 
fs a oh oe 


°| 


Nie 


ole 


olen 


Distance Back to Back of Angles in Inches. 


2 3 Ye 2 ote 
2.26 2.39 | 2.42 | 2.44 | 2. 2.49 
Ro N\A : 2AO i243: 2-4 Gul 2 2.50 
QDS) | 2. 3 DAL \Or44) || Qed Ouleze Pais 
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Moments of Inertia about Axis Y-Y equal oneiale of val i in Table of M 
Inertia of Four Angles, Table 36. i eee ese 


TABLE 40. 


Rapu OF GyRATION OF Two ANGLES WITH UneEQuaL Lecs, Boru Axes. 
SHorT Lecs Out. 


Radii of Gyration For Distances 
of Two Angles, Measured from 
Short Legs Turned Out, Back to Back, 
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Moments of Inertia about Axis Y—Y equal one-half of values given in Table of Moments of 
Inertia of Four Angles, Table 37. 


TABLE 41 
SAFE LOADS OF SINGLE ANGLE STRUTS 
EqQuaL LEG ANGLES 
AMERICAN BRIDGE COMPANY STANDARDS 


s ; & 
Safe loads in thousands of pounds for least ’ To left of heavy line values of 1/r do not 


: . exceed 125 
are eo a 16,000 — 70 I/r 5 To right of heavy line values of 1/r do not 


exceed I50 


Thickness Length in Feet 


Inches 8 9 


Note: The values in this table have been calculated on the assumption that the angle is fas- 
tened by both legs.—M. S. K, 
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TABLE 42 
SAFE Loaps oF SINGLE ANGLE STRUTS 
UNEQUAL LEG ANGLES 
AMERICAN BriDGE CoMPANY STANDARDS 


Safe cacepa thousands of pounds for least | 3. Ao lett neovy line values of l/r do not 
grisea ees — 70 Ir = To right of heavy line values of l/r do not 


exceed 150 


Size Thickness Length in Feet 
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Note: The values in this table have been calculated on the assumption that the angle is fas- 
tened by both legs.—M. S. K. 
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TABLE 43 
SAFE Loaps oF Two ANGLE Struts, AXIS I-I 
EouaL Lec, AND UNEQUAL LEG witH LonG LEG TuRNED OUT 
AMERICAN BRIDGE COMPANY STANDARDS 


To left of heavy line values of 1/r do not 
exceed 125 

To right of heavy line values of 1/r do not 
exceed 150 


Safe loads in thousands of pounds with 
respect to axis I-I 
DP = 16,000 — 70 I/r 
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Radius of 
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Weight of Two 
Angles per Foot 
Area of Two 
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TABLE 43.—Continued 
SAFE,LOADS OF Two ANGLE Struts, AXIS I-I 
EguaL Lec, AND UNEQuAL LeG witH LonG Lec TurNED Out 
AMERICAN BRIDGE COMPANY STANDARDS 


Dp = 16,000 — 70 Ir To right of heavy line values of 1/r do not 


; : | To left of heavy line values of 1/r do not 
Safe loads in thousands of pounds with 2 = —_ 
respect to axis I-1 ; j : exceed 125 
“ 
% exceed 150 
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TABLE 44 
SAFE Loaps or Two ANGLE STRUTS, AXIS 2-2 
EquaL Lec, AND UngquaL Lec wits Lone LEG TuRNED OvuT 
AMERICAN BRIDGE COMPANY STANDARDS 
| 


Safe loads in thousands of pounds with an Toe te eee line values of 1/r do not 
34" 


respect to axis 2-2 To ri 3 
= # ght of heavy line values of 1/r do not 
P= 16,000 — 70 l/r exceed 150 
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Radius of 
Gyration 


Section 
Modulus 


Length in Feet 


Two Angles 
Two Angles 
Thickness 
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TABLE 44.—Continued 
SAFE Loaps oF Two ANGLE Struts, AXIS 2-2 
Eguat Lec, AND UNEQuaAL LeG with Lonc LeG TurRNED Out 
AMERICAN BRIDGE COMPANY STANDARDS 
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TABLE 44.—Continued 
SaFE Loaps oF Two ANGLE Struts, AXIS 2-2 
EquaL Lec, AND UngequaL Lec with Lonc LEG TurNED OvuT 
AMERICAN BRIDGE COMPANY STANDARDS 


. i | 
Safe loads in thousands of pounds with y = ar eres TE ee 
respect to axis 2-2 To right of heavy line values of 1/r do not 
P = 16,000 — 70 l/r exceed 150 


Radius 
ff 
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Gyration Length in Feet 


Weight of Two 
Angles per Foot 
Area of 
Two Angles 
Thickness 
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TABLE 45 
SAFE LoADs oF Two ANGLE STRUTS 
EguaL Lec, AND UngeguaL Lec wits SHort LEG TurNep Out 
AMERICAN BRIDGE COMPANY STANDARDS 
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EGON ZO lee 7ONTO.01/'2.94| ae 37 ! 34 | 35 | 28 | 24 | 27 | 18 
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TABLE 45.—Continued 


SarE Loaps oF Two ANGLE STRUTS 
SHort LeG TuRNED OuT 


AMERICAN BRIDGE CoMPANY STANDARDS 


i 


To left of heavy line values of I/r do not 


102 


ate lends ae thousands of pounds for least eS : oe exceed 125 ‘ 
SEs ono Fone | set To 5 eee ag ed line values of 1/r do not 
i 
n os 
§4 Radius ee 2 | 2 
oy Oi ee oe) | 
B 3 Gyration iS & gt a Length in Feet 
an Ho = 
aet<2| é 
Sreciers olnere. BS 
Tet eine eine lebe falas? Wein sah ay iS | Gani Zinn: | 9 | xo | xx | x2 | 23 | x4 | x5 | x6 | 17 |x8|r0|20]22 
4” X3” Angles 
2.46|1.30|1.27/14.4| 4.18 16 59| 56) 53] 50| 48) 45] 42] 39] 37| 34] 31] 28) 25).. 
2.92|1.31/1.26]17.0; 4.96 3 69, 66) 63} 59) 56) 53] 50, 46] 43] 40] 36] 33) 30].. 
3-36|1.32]1.25]19.6] 5.74) x6 | 80) 76] 73| 69) 65) 61) 57) 53] 49] 46) 42) 38| 34)...|.. 
3.78|1.33|1-25|22.2| 6.50 z | 9 87| 82| 78] 73] 69] 65) 60] 56) 52| 47] 43] 38].. 
4-18|1.34)1.24|24.8] 7.24 16 101] 96] 91| 86| 82] 77| 72] 67| 62! 57] 52) 47| 42|.. 
4.60|1 36|1.23|27-2| 7-96] % |111/106|100| 95] 89] 84) 78] 73] 681 62] 57] 511 46). 
‘ ; 5X3” Angles 
3.78|1.22|1.61|16.4| 4.80 1s 67| 64) 60) 57} 54) 50] 47| 44] 40] 37] 34] 31| 27]... 
4.48|1.23|1.61|19.6] 5.72: 3 80] 76| 72] 68] 64) 60] 56).52| 49] 45] 41] 37] 331... 
5.16]1.24|1.60|22.6] 6.62 as | 92 88] 83} 79] 75| 70} 66| 61) 57| 521 48) 43] 39)... 
5.82/1.25/1.59|25-6] 7.50 % |1O5/100| 95) 90 85| 80] 75! 70} 65! 60; 54] 49! 44]... 
6.46/1.26]1.58]28.6) 8.36 16 II7|111|106|100] 95| 89) 84) 78] 72] 67| 61] 56) So}... 
7,.TO|I.28|1.57/31.4| 9.22] § |129|123|117|111|105| 99] 93| 87| 81] 751 69 | 63! 571 57| 51 
5’ X33” Angles 
3.88/1.45|1.61/17.4| 5.12] ve | 73] 70) 67| 64) 61] 58) 55] 52) 49] 46) 43] 40] 37| 34) 31/28|..|. 
4.58)1.46|1.60|20.8 ae 3 87| 84] 80] 77| 73] 70} 66) 62) 59) 55) 52) 48] 45] 41] 38/34]..]. 
5.28/1.47/1.59|24.0] 7.0 Ze [IOI] 97] 93 89] 85} 81) 77| 73] 69] 65) 6X} 57] 53) 48] 44|40]..]. 
5.98]1.49]1.58|27.2| 8.00 3 |I14|110) 105/101 96| 92} 87) 83] 78) 74] 69} 65| 60] 56] 51/47]|..|. 
6.64)1.50]1.57|30.4| 8.94 16 128]123]118]113|108|103| 98] 93] 88] 83] 78] 73] 68} 63] 58/53]..].. 
7.30|1.51/1.56/33.6| 9.84 3 [141 136|130|125|119|114|108]103] 97| 92] 86] 81] 75] 70] 64|59}..].. 
7.94|1.52|1.56|36.6] 10.74 Te |154 148/142|136]130]124|118|113|107|101| 95) 89] 83] 77] 71/65|59'.. 
8.66/1.53/1.55139-6|11.62| ¢ |167/160/154)148|141/135|128|122|116| 109/103] 97| 90] 84] 77/71 6cl.. 
6” X34” Angles coe 
6.50]1.39]1.94|23 4] 6.84 $ 97| 93| 89] 85) 81] 76) 72] 68] 64| 60) 56] 52] 47] 43] 39].. 
7-50|1-40|1.93|27-0| 7-94] 16 |113 108/103] 98] 94] 89] 84] 79) 74) 70] 65) 60] 55] 5x| 46).. 
8.48]1.41/1.92]30.6] 9.00 2 128]123/117|112|106|101| 96} 90} 85} 80] 74] 69} 64] 58} 53}. 
9.44|1.42|1.91/34.2|10.06 36 |143|137/131)125|119|113|107|102 96] 90} 84] 78} 72] 66} 60}. 
10.38]1.43]1 90|37.8|11.10 3 158)152|145|138]132/125|119|112/106| 99] 93} 86l8o! 73] 67]../..|..].. 
I1.30|1.45]1.89]41.2|12.12 16 [173 166]159]152/145/138/131/124/117|/110]103} 96| 89] 82] 75/68]. .]..|.. 
12 20|1.46|1.89/44.8|13.12| 4 |187|180]172|165|157/150|142|135|127|119|112|104! 97] Sq] 8$2|74]..|..|.. 
6” <4” Angles 
6.64]1.62|1.93|24.6] 7.22| § |104]101] 97] 93] 89] 86] 82] 78! 74] 71] 67] 63] 59] 56} 52/48 I]. 
7.66 ee 28.6] 8.36 16 I2T}IT7|112|/108/104] 99] 95] 91] 86) 82} 78] 74] 69} 65] 61/56 : 48 an 
8.66|1 5/1-91/32-4 9.50 2 138]/133]128/123]118]113|109]104] 99] 94] 89] 84] 79] 75) 7oO|65|\60]\5s}. . 
9.66} 1 66)1.90]36.2| 10.62 as |154 148)143]138|132|127|122|116]111|1OS|/100] 95] 89] 84) 79]73|68|62). . 
10.62] 1.67|1.90|40.0] 11.72 & |t70 164]158|152/146|140)134/129]123/117/111]105| 99] 93] 87|81|76|70 
11.86|1.68]1.89]43.6)12.82 16 186]179|173|167|/160)154)147|141]135/128]122|/115]109|103] 96]90|83|77 71 
12.50|1.70|1.88)47.2|13.88] 4 |202/195/188|181/174)167| 160) 15 3|147|140|133]126)119|112|105]99|92|85|78 


TABLE 46 


PROPERTIES AND ELEMENTS OF Z BARS 


; Moments of ae ‘i 
Actual Size Inertia, I Radii of Gyration, r 


Inches Inches 


Nominal Size 
Thickness 
Weight Per Foot 
Max. Rivet or 
Bolt in Flange 
Nominal Size 


Neutral Axis 
Through Center of 
Gravity Perpen- 
dicular to Web 
Neutral Axis 
Through Center 
of Gravity Coin- 
cident with Web 
Neutral Axis 
Through Center of 
Gravity Perpen- 
dicular to Web 
Neutral Axis 
Through Center 
of Gravity Coin- 
cident with Web 
Least Radius, 
Neutral Axis 
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TABLE 47. 


ELEMENTS OF CARNEGIE EQUAL TEES. 


Size. 


Weight 
Min. Thickness. | per Foot. 
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TABLE 48. 


ELEMENTS OF CARNEGIE UNEQUAL TEES. 


‘ A Weight Area 
Minimum per | ae 


Thickness. | Foot. |Section. 
Flange. 2 See : 


Flange.|Stem. 
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TABLE 49. 
EvLements or A. S. C. E. anp Licat Rats. 


eee eee ewe 


Weight Areal Dimensions. Axis I-I. 

per of 
Sertion Yard. Section. i b é d é fig h I és Ss 
Pounds. In? In In In In. In. | In.| In In Int In In.3 
110A 110 10.80 | 64 | 62 | 2% | 133 | 343] 1 |2k| 28% BGs Hl 220m meee 
100A | 100 9.84 | 52 | 52 | 22 | 182 | 3er | 32 |x| 2th | 44.0 | 2.11 | 14.6 
g5A 95 9.28 | Sie | Sas | 2t6 | 182 | 284 18 |ae| 2Pee | 38-8 | 2.05 | 13.3 
goA go 8.83 | 53 | 5$ 128 | 133 | 283 | 82/6 | 2x | 34-4 | 1.97 | 12.2 
85A 85 8.33 | 5x6 ie | 2is | ter -2t “Verlae | 2ee 30.1 1.90 | II.1 
80A 80 7.86 | 5 5 ah | rk | 2 | $138) as 20:4 2-83 a) 1Osr 
75A 75 7.33 | 448 | 438 | 235 | 182 | 283 | 33 | 32 | 2rd | 22.9 | 0-77] 9.1 
70A 70 6.81 | 4 | 48 | 276 | 133 | 233 | 18 |e | 202 19-7 | 1.70 | 8.2 
65A 65 6.33 |:4a5 | 426 | 232 | te | 23 | SBS | ee 16.9 | 1.63 7.4 
60A 60 5.93 4-44) 42 | 23) | tee] 2a SS SE) Teak aes eres 
554 55 5-38 | 426 | 426 | 22 | 162 | 282 | 33) 33] 12h | 12.0 | 1.50 | 5.7 
50A | 50 | 4.87 |3% | 3% | 2 | 1d | ate ]3e] ae 128 | 9.9 | 1-43 | 5.0 
45A 45 4.40 | 376/316 |2 | ire | 13/3) | 164 8.1 | 1.36 | 4.3 
40A 40 3.94 | 33 | 33..118: | tee | 1851 2 SE are) GS Oalron| SG 
35A 35 3-44 | 3¢6 | 3re) tf | 82/18 |e] 133 5.2 | 1.23 | 3.0 
30A 30 3.00 | 3s | 38 | 14] & | 133 | 33) 82) 18% AL TBO a) es 
25A 25 2390) 24-25) [ele ol) Sell Eeetleailigatl kara SAP igo, © Tes 
20A 20 2.00 |23 | 23 | 144) 23] 138/35) 2] 143 1.9 | 0.99 1.4 
16A 16 1.55 | 23 | 28 | 13i| 21] 122] 3 | se] Ine 22 4\),0:80 1.0 
14A 14 1.34 | 276 | 2te| tvs) $ | Ise |3F/ 2) 8 | 076 | 0.75 | 0.73 
12A 12 Telou es 2 I & lis |b/S Bi 0.66 | 0.75 | 0.63 
10A 10 0.96 | 12 | 12 3] 38) 28/281 ao 0.40 | 0.65 | 0.46 
8A 8 0.77 | Iie | Ive | 18] 33 | i |selay| 26 | 0.26 | 058 | 0.32 


TABLE 50. 
ELEMENTS OF CARNEGIE BULB BEAMs. 
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TABLE 52. 


ELEMENTS OF CARNEGIE H BEAMS. 


Width 
of 
Flange. 


In. 


8.0 
6.0 
5.0 
4.0 
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TABLE 53. 


CARNEGIE TRouUGH PLATES. 


ELEMENTS OF TROUGH PLATES. 


Single Section. Riveted Section. 


: fs Weight ‘ Section 
ecole. ee per Foot, a, d, oe peot Modulus, One 
. nches. Pounds. Inches. Inches. Pounds F ox ae 
¢ nches3, 


M 14 2X 3% 23.2 Se 4 34.8 15.58 
M 13 2 X 3% 21.4 8 2 22.1 14.28 
M 12 93 X 3 19.7 8 4 29.6 13.00 
Mitr 93 X 3% 18.0 8 3 27.0 11.79 
M 10 93 X 3% 16.3 8 6 24.5 10.69 


ALLOWABLE UniForM Loap IN POUNDS PER SQUARE Foot. 


Span Fiber Stress, 16,000 Lbs. per Sq. In. Fiber Stress, 12,000 Lbs. per Sq. In. 


M 14 M i3 M 12 M rt M 10 M 14 M 13 M 12 Mit M to 


6647 | 6093 | 5547 | 5030 | 4561 | 4986 | 4570 | 4160 | 3773 | 3421 


5 

6 4616 4231 3852 3493 3167 3462 3173 2889 2620 2376 
i 3392 3109 2830 2567 2327 2543 2331 2124 1925 1745 
9 

fo) 


2597 2380 2167 1965 1782 1948 1785 1625 1474 1336 
2052 1880 1712 1553 1408 1539 1410 1284 1164 1058 
1662 miGae) I ey 1258 1140 1246 1142 1040 943 855 


II 1373 1259 1146 1039 942 1030 944 860 780 707 
12 1154 | 1058 963 873 792 866 793 722 655 594 
13 983 gol 821 744 675 738 676 615 558 506 
14 848 WET: 707 642 582 636 533 531 481 436 


15 739 677 616 559 507 554 509 462 419 381 


16 649 595 542 491 445 487 446 406 368 334. 
17 575 527 480 435 395 431 395 360 328 296 
18 513 470 428 |- 388 352 385 353 321 291 264 
19 460 422 384 349 316 345 316 288 261 237 


20 415 381 347 314 285 312 286 260 236 214 


The values given in above tables are the safe loads per square foot of floor surface and are 
based upon the average resistance of the riveted portion within distance a. 

The weight of the plates are included in the safe loads and must be deducted to obtain the 
net superimposed safe load. 

Safe loads for other fiber stresses than those given in table may be obtained from the values 
given by direct proportion of the fiber stresses. 
The weight per square foot does not include the weight of rivet heads or other details. 
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TABLE 54. 


CARNEGIE CORRUGATED PLATES. 


ELEMENTS OF CORRUGATED PLATES. 


Single Section. Riveted Section. 


pence 
‘ . Weight per d Weight per Modulus, 
Secon Peal Foot, ci ; Inches: Square Foot, One Foot 
é i Pounds. . Pounds. Width, 
Inches3. 


23-3 4-39 
20.4 3.84 
17.5 3.28 
16.5 1.95 
13.8 1.55 
1.5 1.10 


M 35 Rate SC Oe Bagi 
M 34 1235 X 236 20.8 
M 33 12%; X 23 17.8 
M 32 oe 12.0 
M 31 sigs 10.1 
M 30 x<elcy 8.1 


to 


dS 
oe of 
db NS 
bol ae color Ico Es Ola 


HOO = RS 
4 


co 
loo leo CO 
Leal 


co 
al 


ALLOWABLE UNIFORM LOAD IN POUNDS PER SQUARE FOOT. 


Fiber Stress, 16,000 lb. per sq. in. Fiber Stress, 12,000 lb. per sq. in. 


M 34 | M33 | M32 | M3r M 34 | M33 | M32 /] M31 


1638 | 1400 | 832 | 661 1229 | 1050 | 624 | 496 352 


1138 | 972 | 578 5 | ~853 | 729 | 433 | 344 | 244 
836 | 714 | 425 627 | 536 253 
640 | 547 | 325 480 | 410 | 244 | 194 138 
506 | 432 | 257 379 | 324 | 193 | 153 
410 | 350 BCT || 307 aee2O2 88 


339 | 289 | 172 | 137 290 | 255 | 217 103 73 
284 | 243 244.| 213.| 182 86 61 
242 2074 ai23 98 208 182 155 92 73 52 
209 | 179 84 E79. |. 157.1. 334). 80" apes 45 
182 | 156 | 92 74 5 B56. | 3372) EET | een si 39 


The values given in above tables are the safe loads per square foot of floor surface and are 
based upon the average resistance of the riveted portion within distance a. 

The weight of the plates are included in the safe me and must be deducted to obtain the 
net superimposed safe load. 

Safe loads for other fiber stresses than those given in table may be obtained from the values 
given by direct proportion of the fiber stresses. 

The weight per square foot does not include the weight of splice bars, rivet heads or other details. 
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TABLE 55. 


BUCKLE PLATES. 
AMERICAN BRIDGE COMPANY STANDARD. 


Size of Buckle. Radii of Buckle. Widths of Flanges and Fillets. 


Side1,| Si : Side 1, i End Flanges|. Fillets | Side Fi 
Ftcin. In. In. =e : li, Is. = oie Fares oR 


tO) 00/~3 colo7 


6" 
63” 


j~1.00|0100)—3. 


OO OY QnNAYW YH | Die Number. 
= eal 
Cf COH C00 WMO ONI © 
Maximum 
Maximum 


2 are of unequal width, 
gh to make two flanges 
ge to be sheared to required 


Maximum = 1/-6” 


BYPWHY HDD DY NWHWWWW Od Od 
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stiffeners 
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4” or less preferred 


Preferably made alike 
Preferably made alike 
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OMODO0NHHHO 
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git 
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If wider than 1-6” use angles riveted across the plate for 


Wy bKH HH KHNLHD 
OO CON Aut vw 


Minimum 


Note.—When the side flanges b; and b 
the material should be ordered wide enou 


of the greater width, the narrower flan 


width after buckling. 


Minimum 
Mioimum 


bol bo} bol bol 
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Plates are steel +”, #;’’, 2” or 7%” thick. 


Plates of greater length than given in table may be made by splicing with bars, angles, or tees. 
All plates are made with buckles up, unless otherwise ordered. When buckles are turned down, 

a drain hole should be punched in the center of each buckle and should be shown on sketch. 
Buckles of different sizes should not be used as it increases the cost of the plate. 


Connection holes are generally for #”, #” or } rivets or bolts. Different sized holes in same 


plate will increase the cost of the plate. 
Spacing for holes lengthwise of plate should be in multiples of 3” and should not exceed 12”. 
Odd spaces to be at end of plate and in even }”. Minimum spacing crosswise 43’, usually 6’. 
Die number must be shown on drawings. 


Sketches for Buckle Plates should indicate allowable overrun in length and width. 


111 


TABLE 56. 
PROPERTIES OF COLUMN SECTIONS. 


Properties of Minimum 
Three I-Beam I-Beam 
Section. for Web. 


SERIES [ 


Epa SERIEs I. Series II. 
p Il. 


Flange Web Moments of Inertia and 
Beams. Beam. Radii of Gyration. 


Moments of Inertia and 
Radii of Gyration. 


S| 8 | S|] S| Area. | Axis A-A. | Axis B-B. Axis A-A. Axis B-B. 

o soe Oo) 2 | 
a S A| = Ia ra Ip tp Ta Iz TB 

In.| Lb. |in.| Lb.) In? | Int | In. | Int | In. In. |, ty 4) Sia 
TOMES 8}/18 | 20.07 | 248 | 3.51 a 4.02 3.44 A418| 4.45 
So lee Syed toe oe 22d ene en l3. 7. Ieee 842 SO) BOs 788) 5.73 
“| 30 | 818 | 22.97 | 272) 3.44] 387| 4.11 3-38 | 494| 4.54 
Sle3On TONS! 25.0) 275"163532 | 6r9 || 4.97 2.21 915| 5.83 
“) 35 | 8|18 | 25-91 | 297 | 3.38 .455.| 4.19 3.33 1.- 5701, 4-63 
Seales mea Ole 0272057 300) | 3.27 | 5 77.1 S00 3.18 | 1050] 5.93 
12) |a3Ls5 | TO|25 | 25-89). 439 | 4.12 | §635-1 4.965 3.98 941| 5.82 
“| 355 [15/42 | 31-00] 446 | 3.79| 1552 | 7.07 3-63 | 2373] 8.30 
«| 35 [20/25 | 27-95 | 464 | 4.07] 703 | 5.01 3-95 | 1032} 5.88 


“| 60 }18\65 | 51.23 | 1705 | 5.77] 3879+] 8.70 


“| 65 | 20/65 | 57-24 | 2367 | 6.43] 5234 | 9.56 
7O 115/42 | 53-66 | 2454 | 6.76| 2997 | 7.48 
70 | 20/65 | 60.26 | 2468 | 6.40] 5586 | 9.63 
75 | wae tSO:60n (2520) 6.711 32034) 7ab2 


7870| 11.31 
4406} 8.78 
8363] 11.39 
4692} 8.84 


Wr AW ON © SD OV 
eal 
eas 
wo 
\O 


5: 4943 | 9-53 
“)~ 65 |12131.5| 47.50 | 1773 | 6.09| 1789 | 6.12 5. 2827| 7.47 
S65 |aSigs 54.17 | 9784. 5.74 | 4163) | 8.77, is 5288] 9.60 
“1 70 | 12|31.5| 50.44 | 1852 | 6.06] 1930 | 6.19 is 303.5) zee 
“| 70 |18]/55 | 57-11 | 1864 | 5.71 | 4452 | 8.84 is 9.66 
20| 65 |15]42 | 50.64 | 2354 | 6.82] 2790 | 7.42 e 4116} 8.72 

6. 

6. 

6. 
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Heavier web beams, of same depth as those given in table, may be substituted by subtracting 
area and moments of inertia of given beam, respectively, from values given in table, and adding 
the corresponding properties of new beam. The radii of gyration must then be recalculated from 
the formula r = VJ + 4. 


TABLE Sie 
PROPERTIES OF COLUMN SECTIONS. 


Properties of i 
Two Channels Laced. aii| ties | are Tie oat 


Moments of Inertia and Radii of Gyration. 


Axis B-B. 


Total eg A Distance Inside to Inside of Webs in 
Area. ARIS erie Inches = b’. 


Weight. 
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The table given above is intended to serve only as a guide in the choice of sections, and not as 
a complete table. The properties of sections not given in table may be found as follows: 

Example.—Required the properties of a section consisting of 2[s 10 in. at 15 lb., laced, with flanges 
turned out, 8} in. back to back. Distance inside to inside of web = 8 +3 = 82”. 

From Table 14, Area=8.92 in.?. 


I, =Iy in Table 19 = 133.8 in.4; r4 = VI, +A= V133.8 + 8.92 = 3.87 in. 


Ip = Ty in Table 19 = 207.0 in4; rg = Vig + A = V207.0 + 8.92 = 4.81 in. 
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TABLE 58. 


Properties OF CoLtumn SECTIONS. 


Properties of 
Two Channels Laced. 


Moments of Inertia and Radii of Gyration. 


Channels. | Axis B-B. 


Axis A-A. Distance Back to Back of Channels in Inches = b. 


4.17 
4.20 
4.18 


103 
257.1| 4.62 


1117.2 | 7.51 
1162.6] 7.52 
1330.2\|7262 
1495.1] 7.52 


The table given above is intended to serve only as a guide in the choice of sections, and not as a 
complete table. The properties of sections not given in table may be found as follows: 


Example 1: Required the properties of a section consisting of 2[sto in. at 15 lb., laced, with 
flanges turned in, 103 in. back to back. 


From Table 14, Area = 8.92 in.?. 
I, = 1x from Table 20 = 133.8 int; rg = VI, + 4 = V133.8 + 8.92 = 3.87 in. 
Ip = Ty from Table 20 = 194 2 int; rz = Wig + 4 = Vig94.2 + 8.92 = 4.68 in. 


Example 2: Required the properties of a section consisting of 2 [s 10 in. at 15 lb., laced, with 
flanges turned in, 12 in. inside to inside of web. 


From Table No. 14, Area = 8.92 in.?. 
I, = Ix from Table 21 = 


133.8 int; r4 = VI, + A = V133.8 + 8.92 = 3.87 in. 


Ip = ly from Table 21 = 284.4 in.4; rz = we + A = V284.4 + 8.92 = 5.65 in. 
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TABLE 59. 
PROPERTIES OF COLUMN SECTIONS. 


Properties of Flanges 
Two Channels and “3 Turned 
Two Plates. ' \ Out. 


Moments of Inertia and Radii 


of Gyration. Gages. 


Cover i : 
Plates. : Axis A-A. Axis B-B. | Plate. Ghats 
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| The table given above is intended to serve only as a guide in the choice of sections, and not as a 
complete table. The properties of sections not given in table may be found as follows: 

Example: Required the properties of a section consisting of 2 [s 12 in. at 203 lb., flanges turned out, 
gi in. back to back, and 2 Pls. LOLs 


| Item. 


Number. | Section. Size. In.? 


2 [s 12 in. at 203 14 | 12.06 
Z Pls TOs 16.00 
Total | 28.06 
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TABLE 60. 
PROPERTIES OF COLUMN SECTIONS. 


Properties of ' Channel Flanges Out. 
Channel and I-Beam er i Minimum I-Beam 
Section. ' for Web. 


SERIES I 


SERIES I. Series II. 
AND II. 


Flange Moments of Inertia and |Web B 3 Moments of Inertia and 
Channels. MN eg Radii of Gyration. Seared lee Radii of Gyration. 


Axis A-A.| Axis B-B. i 3 . | Axis A-A. Axis B-B. 


Weight. 


fon | =) | Depth. 


2 
5) 
fa) 
I 
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Ny 


66 


200 “NI a 


6 
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The table given above is intended to serve only as a guide in the choice of sections, and not as a 
complete table. The properties of sections not given in the table may be found as follows: 

Example: Required the properties of a section consisting of 2 [s Io in. at 20 lb., flanges turned out, 
and one lg in. at 21 lb. 


Ta 


Num- | Sec- Size. ; : Table. | In.4 
ber. tion. 


10 in. at 20 lb. : TOM ELS Zed: 312.7 
9 in. at 21 |b. ; 7 ig) 84.9 
Total : 162.6 397.6 


TABLE 61. 
PROPERTIES OF COLUMN SECTIONS. 


Properties of é he Channel Flanges In. 
Channel and I-Beam Minimum I-Beam 


Section. H 3 for Web. 


SERIES I. Series II. 


Moments of Inertia and Moments of Inertia and 
Raaii of Gyration. | Web Beam. Radii of Gyration. 


Axis A-A.| Axis B-B. Axis A-A, Axis B-B. 
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The table given above is intended to serve only as a guide in the choice of sections, and not as a 
complete table. The properties of sections not given in the table may be found as follows: : 
Example: Required the properties of a section consisting of 2 [s 10 in. at 20 Ib., flanges turned in 
and one Ig in. at 21 lb. 


I, 


ee Section. Size. In | Table. | In.# 


g3 [s 10 in. at 20 lb. 157.4 
g in. at 21 Ib. 


Total 


PROPERTIES OF Two CHANNELS AND A But Ie BEaM. 


Properties of 
Two Channels 


and 
a Built I-Beam, 


TABLE 


62. 


FLANGES TURNED OUT. 


Channel 
Distance 


Flanges Out. 
Back to Back 


of Channels Equals 
Width of Web Plate Plus }/”. 


Series 1 and 2, Series x. Series 2. 

Channel. é : Axis A-A Axis B-B, é a Axis A-A, Axis B-B. 

eel oe es | 
alee S S fee | ee) ee | 28 | oe 2 ies Pea) gee pee 

4a a Ge = ° 68 of o,f oh = ° O.8 Ou 64 Oh 
2 2 P s Flee | ad | 45 | 2d % B 145 | ao | By | ao 

vn N as 

a A I, Ta Iz Tg ie A Da TA Iz TB 

In, Lb. I In. In.? In.4 | In In.4 | In, In In.? In.4 In In.4 In 
12 | 203 |3x3x35| 8xh | 21.18 | 269 | 3.57 | 402 | 4.35 | 1ox$ | 22.93 | 270 | 3.44 | 610 | 5.16 
ried loa . ss 23.82 | 301 | 3.56 | 464 | 4.41 steel Ay lac kov en yyin) © yfolo! | ea 
12 | 30 “| 26.76 | 337 | 3-55 | 536 | 4.48) “ | 28.51 | 337 | 3-44] 804 | 5.31 
12 | 20% |33x33x3| 8x3 | 24.98 | 282 | 3.36] 436 | 4.18 , rox | 25.73 | 282 | 3.31 | 657 | 5.05 
12 | 25 , “| 27-62 | 314 | 3.37 | 498 | 4-25] {| 28.37 | 314 | 3.32 | 747 | 5-13 
12 | 30 “| 30.56 | 349 | 3-37] 571 | 4.33 31-31] 349 | 3-33 | 851 | 5.21 
15 | 33 |33x33x8) 8x3 | 32.72 | Ost | 4.46 | 652 | 4.46 | Toxs | 33.47 | O51 | 4-41 | 96I | 5.36 
0s Ale eils Zi s 33.50 | 666 | 4.46 | 672 | 4.48 «| 34:25 666 | 4.41 | 989 | 5.38 
15 | 40 36.44 | 721 | 4.45 | 747 | 4-53 37-19 | 721 | 4.41 | 1096 | 5.43 
15 | 33 | 4x4xg | 1oxs | 34.99 | 663 | 4.35 | 982 | 5.30} 12x8 | 35.74 | 663 i IIIO | 5.57 
15 | 35 3 “| 35-77 | 677 | 4.35 toro | 5.32) © | 36.52 | 677 | 4.31 | 1138 | 5.58 
15 | 40 38.71 | 733 | 4-35 11117 15.371“ | 39.46 | 733 14.31 | 1245 | 5.62 


The above table is intended to serve only as a guide in the choice of sections and not as a com- 


plete table. 


The properties of sections not given in table may be obtained as follows: 


12” X 3” and 4 angles 4” X 4” X 3”, 12%” back to back. 
Solution: 
Moment of Inertia. Radius of Gyration. 
Area. 
Axis A-A. Axis B-B, Axis A-A. | Axis B-B. 
Item. 
I Ty re 
Table Table A | Table B l=VI, = Al=V Ip =A 
No. No. oO. 
In.? In.4 In.4 In. In. 
2 [Stgxs hi lbaleetQor 3228 0n|a ro 860 19 | 1587 / 
1 Pl—12’’x3” I 6.00 4 fe) 3 72 yes Nea 
44al'xa’'x¥"| 32 | 15.00] 35 53 | 32 | 389 | 153-36) 153.36 
Total... A= | 5336] Ia= | 913 | Is= | 2048 |ra = .414 [rs = 6.20 
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Example: Determine the properties of a section composed of 2 channels 15’” X 55 lb., 1 plate 


TABLE 63. 


PROPERTIES OF Two CHANNELS AND A Burtt I-BEAm. 
FLANGES TuRNED IN. 


Properties of fe ' =i Channel Flanges In. 
Two Channels b Ht .. Distance Inside to Inside 
and Of Channels Equals 
a Built I-Beam, | Width of Web Plate Plus 3/’, 


Series x and 2. i Q Series 2. 


& 
wn 
® 


Total Area, 
Total Area. 


Size of Angles, 
Size of Web Plate. 
Moment 
Size of Web Plate. | 


In.? 3 3 § i 3 In.2 


21.68 : 45 23.68 
24.32 ; é 26.32 
27.26 : 6 : 29.26 


27.23 ; 5 29.98 
29.87 : : 32.62 
32.81 ; : Heel o} 


34.22 . . 34.97 
35.00 : : 35-75 
37-94 . . 38.69 


37.24. : . 40.24 
38.02 : : 41.02 
40.96 3 : 43.96 


a 
The above table is intended to serve only as a guide in the choice of sections and not as a com- 
plete table. The properties of sections not given in table may be obtained as follows: 


Example: Determine the properties of a section composed of 2 channels 15” X 55 lb., 1 plate 
18” X $" and 4 angles 4” X 4” X 4”, 182”” back to back. 


Solution: 


Moment of Inertia, Radius of Gyration. 


Axis A-A, Axis B-B, Axis A-A. | Axis B-B. 


I "B 
Table A | Table =VIpzA 


In. ‘ 


2ists x55 1b. [3989 


SO SI 
1 Pl—18’’x3 58.61 


rB = 8.25 
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TABLE 64. 


PROPERTIES OF ONE CHANNEL AND ONE I-BEAM. 


Properties of Properties of 
One Channel < e One Channel 


and One I-Beam. 5 z and One I-Beam. 


le 
: 
ig 
> 
a 


Moment 
of Inertia 
Radius of 
Gyration. 
Moment 
of Inertia 
Radius of 
Gyration. 
Moment 
of Inertia 
Radius of 
Gyration. 
Moment 
of Inertia. 
Radius of 
Gyration. 


TABLE 65. 
PROPERTIES OF ONE CHANNEL AND A BulLTt I-BEAm. 


ES 


-----> 


Properties of A 
One Channel 


and 
One Built I-Beam. 


| 


t 
(<------ 


A Back to Back of Angles Equals 
—_— Width of Web Plate Plus 4 
REeeS * Top Angles, Short Legs Out. 

Bottom Angles, Long Legs Out. 


rite. Channel. Angles. Axis A-A. 
<= re Total Radi 
Area Moment ot Gy 
Web. Depth. Weight. Bottom. Top. of Inertia. | ration. 
A ee A TA 
In. In. Lb. In. In, In.? In. In. 
a: I x34x3 dx3ixd | 21.52 6.75 
sors i Z zu i as : 24.96 He 6.83 
“ (3 “ 7 § a 3 28.26 1340 6.89 
4 12 20.5 6x4x3 4X4 | 24.97 1144 6.77 
“ ‘c ‘ “ 4 sé 4 29.03 1367 6.86 
‘ « ‘ Sie ee eames 32.97 1572 6.91 
18x} 10 15 5x32x8 | 32X32x5 | 24.52] 1338 | 7-39 
< is uae 27298) 5 1577 ores 
6 “ G pee Se (Pa 1 26 1802 7-59 
«“ 12 20.5 6x4x$ | 4x4x$-| 27.97] 1555 | 7.46 
ie « Ne ata 20% 1838 7-58 
“ “ “ 608 PR 15315.0 74 a 2103 7-64 
20x} ie 20.5 Ox4x5 4x4x3 | 28.97 1971 8.24 
éé ‘ 1 $6 2°) 33.03 2329 8.39 
& “ “ «8 ee SA 26.07 2662 8.49 
‘ Is 33 6x6x# *6xax2 | 35.84 2317 8.04 
“ rs G ee “ | 40.90 2725 8.16 
E a « « § “ 345-84] 3104 | 8.24 
a +3 20.5 | Ox4x$ | 4xqx$ | 33-97) 3133 | 9-62 
) 8 ‘ ¢ z sce 38.03 3656 9.81 
“cc “< “cc “ce 3 6e 3 41.97 4150 9-95 
“ Is 33 6x6x} *6x4x2 | 40.84 3686 9.50 
“c <c 6c &¢ 4 es 4 45.90 4290 9.67 
“ “ “ aes <> 8 | 50.84 4858 9-78 
30x 12 20.5 Ox4x3 4x4x5 | 41.47 5546 | 11.56 
te ‘< 6c 4 (73 4 AgI&3 6381 11.84 
13 6c 73 c 3 “ce 3 49.47 T1174 12.05 
“ Is 33 6x6xd | *6x4x4 | 53.40] 7490 | 11.84 
“ < (3 oc a 6c & 58.34 8413 12.01 
“ “ “ ems BELA Sei) 9293 12.13 
36xz 12 20.5 6x6x4 *6x4xh | 54.03 | 10485 | 13-93 
6 “ 6 ‘ 5 6 3 58.97 11825 14.16 
73 73 “ Banu $563.79 13104 14.31 
4 15 33 6x6xt | *6x4x} | 57.90) 11483 | 14.08 
| “ “ sco & «8 | 62.84 | 12859 | 14.31 
“6 “ “ cose “3 | 67.66 | 14170 | 14.47 
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Eccen- 
tricity. 


1.61 


1.32 


1.82 


Axis B-B. 
Moment} Radius 
fo) of Gy- 
Inertia. jration. 
Ip Tz 
In.4 In. 
115 2.31 
132 | 2.30 
148 | 2.29 
207 2.87 
233 2.84 
200) (P2201 
yy | ean) 
134 ||P2-19 
is || APXO) 
209 | 2.73 
rp || Pay? 
205) a \2.71 
209 | 2.69 
237 | 2.68 
265 | 2.68 
395 3-32 
423 3:22 
451 3-14 
Rio) |\| PBfe) 
241 Dolsp 
270 3| 2.54. 
398 || 3-12 
427 | 3.05 
457 °| 3.00 
217, || 2.29 
ZAG A \n2-32 
276 02.30 
432 | 2.85 
463 2.82 
495 2.80 
248 | 2.14 
278 2a07) 
311 2.20 
433 2.74 
463 272) 
495 2.70 


TABLE 66. 
PROPERTIES OF BUILT STRUTS. 


Properties of : Long Leg of Angle Turned Out. 
One Channel - : Back of Angie Flush with 
and One Angle. R - Flange of Channel. 


Axis A-A. Axis B-B. 


Weight Radius ; F 
3 , of | Section! Recen- Section 
Chan- Size of Angle. _ | Gyra- Modi tricity. Gyra- | Modu- 
nel, .| tion. us. Inertia.| tion. lus. 
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TABLE 67, 


PROPERTIES OF STARRED ANGLES. 


Two Angles Starred, Two Angles Starred, Four Angles Starred, Four Angles Starred 
Equal Legs. Unequal Legs. Equal Legs. Unequal vee : 


B 


: f Values for Axes A-A & 
Values for Axis A~A same | B-B same as in Tables 


as in Table 38. 39 & 40 respectively. 
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Total ene Total i eae cyeste: 
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6.20 | 1.13 SI 


Ch2A)| males 
7.68 | 1 33 
OF2 Aa eele5 2 
O-20, (R53 ete 23 
12-00 |e 13550 eid 
14.68 | 1.57 


(627 Gr lis 777 |e 
O02 01-80 sete L7, 
13.001) 1-825) 1-20 
15.020 L.O4 kee? 


11.44 | 2.34 | 1.09 
£5.00) || 2.364)" eI 


IS44N ie 2-aOn lek. LA: 
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27.00 | 3.56 || 2.32 
33-44 | 3-58 | 2.33 
39.76 | 3.60 | 2.35 
AS29211 93.02 |) 2037, 
52.00 | 3.64 | 2.39 


Ft Cola [cocojerto|-t — ey Colt [Coole by|colco Ha[Coad|enbo|-co|e9 A |Co.Oo|er ROH! 


cal 09 nn 
e teas a 
ON 
p4 
oo 
igs es Ne Tol Ry sxet ba 
On 
Pal 
Ft Calstip[cocolento|e = et Colt HR [eo cofertolH 


2.34 


For unequal leg angles, the angle between When angles are not in contact, use tables 38, 
B-B & C-C varies between 10° & 34°. 39, & 40. 


Tie plates for unequal leg angles= 3”. 
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TABLE 68. 
PROPERTIES OF FouR ANGLES LACED. 


B 
; 
ae 4 », 
; For Equal Le d 
ewes ils ers Unequal Legs with 
Four Angles Laced. if d Long Legs Turned Out. 
pil Es 
2 
Moments of Inertia and Radii of Gyration. 
Axis B-B. Axis A-A. 
Four Total poe Oe ee Distance Back to Back of Angles in Inches = d. 
Angles. Area. oS amie 
yr ay Pee 8} 10} 12} 14} 16} 
Ip Tp Iz Tg I, Ta I, Ta I, ra I, Ta I, Ta 
In Ia? | Tat | Ta, | dnt | In| In#| In. | tat | tn. | Ind (dn. | dnt) Tees ieee 
3x2ixt | 5.24] 12|1.50} 13 |1.55| 71 | 3-68] 113 | 4.64] 167] 5.64] 231 | 6.64] 305 | 7.63 
« 31 768) 18/1.53] 19 |1.58| 100]3.61 | 162 | 4.59 | 240]5.59] 33316.58| 440 | 7.58 
“1 | 10.00] 241/1.55| 26| 1.60] 128 | 3.57] 208 | 4.56] 308|5.55| 428|6.54] 567 | 7.54 
4x3x$ | 9.92 | 391-98] 41 | 2.03 | 127 | 3.58] 206 | 4.56] 305] 5.55 | 423 |6.53| 561 | 7.52 
4 | 13.00] 532.01] §5 } 2.06] 162 | 3.53 | 264 | 4.51 | 392] 5-49] 546|6.48| 725 | 7.48 
“ | 15.92 | 66 |2.04| 69 | 2.08 | 193 | 3.48 | 317 |4-46| 472] 5-44] 659|6.43) 879 | 7.42 
Se |e ae 125 145 164 18} 
4 mG 16 
‘ie l 
33x34x% | 9.92 | 27)|1.66| 29] 1.71 | 190 | 4.38 | 284 | 5.34 | 398 | 6.34] 532) 7.32| 685 | 8.31 
5 1113.00.| 37 11:69:39] 1.734) 243 | 4.32 1305.1 5.301) $13 16.28 16871] 7 27 ESS ee2G 
“ 3) 1c.92| 46]1.70] 49 | 1.76] 291 | 4.27] 440 | 5.26] 619 | 6.23 | 831 | 7.18] 1075 | 8.21 
4x4x? | 11.44 | 39 |1.86| 42 | 1.91! 211 | 4.29] 316 | 5.25] 444| 6.22] 596|7.22} 770 8.20 
“4 } 15.00] 531.88} 56] 1.93 | 271 | 4.25 | 408 | 5.22-) 575 | 6.19 | 772|7.17| 999 | 8.16 
“3 | 18.44 | 67] 1.91] 71 | 1.96] 325 | 4.20] 491 | 5.16] 695 | 6.14) 935 |7.12| 1213 | 8.11 
Bers; re Bars rot 124 14h 163 183 
16 8 ah 
5x3ex¢ | 12.20| 76]2.50| 79 | 2.55) 248 | 4.51 | 367 | 5.48] 511 |6.47| 679|7.46| 872] 8. 
“*  % | 16.00 | 102 | 2.53 | 106 | 2.58 | 318 | 4.46] 472 | 5.43 | 659 | 6.41 | 878] 7.41] 1129 | 8.40 
“ 2 | 19.68 | 128 | 2.55 | 133 | 2.60] 382 | 4.40] 571 | 5.39 | 800 | 6.37 |1067 | 7.36 | 1374 | 8.36 
6x4x} | 19.00 | 170 | 2.99 | 176 | 3.04 | 370 | 4.41] 551 | 5.39) 770| 6.36 |1027 | 7.35 | 1321 | 8.34 
“ % | 23.44 | 213 | 3.01 | 220 | 3.06] 448 | 4.37 | 669 | 5.34] 937 | 6.32 |1252 | 7.32] 1614 | 8.30 
“i | 27.76 | 257 | 3.04 | 265 | 3.09 | 517 | 4.32 | 777 | 5.29 |1092 | 6.27 |1462 | 7.26} 1888 | 8.24 


The above table is intended to serve only as a guide in the choice of sections and not as a com- 
plete table. ‘The properties of other sections may be found as follows: 

The areas and moments of inertia of four angles about the axis 4—Z are given in Table 32, for 
equal leg angles; Table 33, for unequal leg angles, long legs out, and Table 34, unequal leg angles, 
short legs out; the axis 4—A corresponding to axis X-X in Tables. ‘The radius of gyration about 
axis 4-4 may be calculated from the formula ry = VI, + A. 

The moments of inertia of four angles about the axis B-B are given in Tables 35, 36 and 37, 
the axis B-B corresponding to Y—Y in Tables. The radii of gyration of four angles about the axis 
B-B may be calculated from the formula rz = VJ, + 4, or may be found from Tables 38, 39 and | 
40, the radius of gyration of four angles being equal to that of two angles. 
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TABLE 69. 
PROPERTIES OF Four ANGLES AND ONE PLATE. 


Without 


Properties of Flange Plates 


Plate and Angle 
3 Long Legs Out. 
Column Sections. d = Width of Web Plate Plus 4 In. 


Series I. Series II. 


Moments of Inertia and Moments of Inertia and 
sie, Radii of Gyration. Radii of Gyration. 

e Four LotalsRerrreIrercm. aegis Sse Our Total 
Plate. Angles. | Area. Axis A-A. Axis B-B. Ayal real 


In? 5 A ‘ > In? 


7.24 : ; 7.76 

8.48 ; : os g.12 

9.62 : : 3 10.86 
10.94 : asi 12.42 
12.92 : : 16.00 
14.48 : 73 17.48 
10.25 i : 11.49 
T1.57 ; ; 13.05 
13.67 3 : ¢ 18.19 
15.23 ; F ‘ 20.47 
15.95 : , 22075 
17.87 . : 24.99 
21.00 : : 24.00 
22.88 : i 26.24 

24.68 : : 28.44 

12.11 : 1.57 |5x33x 13.99 
13.67 s 1.62 : 15.95 
14.42 ; é 18.94 
15.98 : ; ee 222 
16.70 : : 23.50 
18.62 : : 25.74 
20.50 : 3 27.94. 
22.00 : ; x) | 25.00 
23.88 ; j 5 27.24 
25.68 : ; 29.44 
27.48 : ; 31.60 
29.24 | 735 | 5.01 2.26 33.76 249 


The above table is intended to serve only as a guide in the choice of sections and not as a com- 
plete table. The properties of other sections may be found as follows: 
Example: Required the properties of a section composed of 4 A 5” X 33’” X ze”, long legs 


out, 124’” back to back, and one plate 12” X 7”. 
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Moment of Inertia. Radius of Gyration. 

Axis A-A. Axis B-B. Axis A-A. Axis B-B. 
Table Ip Tae V Ine tHe lees 
In. Peale In. Tn. 
4Asx3ixys aa oe 
1 Pl—12x75 19.37 19.37 

Totals 
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TABLE 70. 
PROPERTIES OF Four ANGLES AND THREE PLATES. 


Properties of : H 
Plate and Angle er, an A Finns Pudken: 
Column Sections. d = Width of Web Plate Plus 3 In. 


Series I and II. Series I. Series II. 


Moments of Inertia and Moments of Inertia and 
Radii of Gyration. Radii of Gyration. 


Two Two 
Web Four ee 
Plate. | Angles. pes 3 Axis B-B. aoe 5; Axis A-A. Axis B-B. 


Ty Ta 


In 


a 
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549. 

682 

653 

824 

929 
1173 
IIgI 
1387 
1073 
1360 
1378 
1664 
1469 
1857 
1885 
2263 
2292 
2764. 
3255 
3776 
4327 
4910 
5525 
6175 
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The above table is intended to serve only as a guide in the choice of sections and not as a com- 
plete table. The properties of other sections may be found as follows: 
wy ow 


Example: Required the properties of a section composed of 4 A 5”’ X 34”” X ze”, long legs 
out, 12}”” back to back, one web plate 12” X 74” and two flange plates 12” x 3”. 


me Moment of Inertia. Radius of Gyration. 
ea. 
Axis A-A. Axis B-B. Axis A-A. Axis B-B. 


Table | 1a-_| Table ra=VIq+A | tp=VIptA 
Td No. 


% TABLE..(1- 


PROPERTIES OF FouR ANGLES AND Two P artes, LACED. 


Properties of b = Width, Back to Back 
Four Angles and of Angles, for Equal 
Two Plates, Moments of Inertia 


about Axes A~A and B-B 
with Angles Turned Out. 
c = Same as b, but 
with Angles Turned in. 
d = Depth of Web Plates + 3”. 


aced. 
Angles Turned Out 


an 
Angles Turned In. 


B |B 
re Series I Series 2 Series 3 Series 4. 
Series 
1, 2,3 26| 6g : 2.9] Og . 2d] Od a Se (sl chee eae 
and = -/S3/ 29 n a -./8 Se) an on B'S] 5.9 a ee 5] A 
| S825) 23] oS | Be l2e/23| os | S825) 25| oh | Be lEslze] 38 
edos/se/ o@ [@siSalsh| ad [e<iee/se) Ga | adjes/ss) 23 
Size of iss moO Ais o) as ACY | = as ac, 2 
eagles. A I r b Cc A I Tr baie A I r bale A I rlblie 
In. In2 | In.) In. |In.} In. | In? | In| In. | In.| In.} In? |In4} In. | In. | In. | In2 | Ins} In. | In.| In. 
8’’"xt” Web Plates 8’’x2"’ Web Plates. 8x3” Web Plates. 8’’x8”’ Web Plates 
24X23Xx4| 8.76] 83/3.08 |5.4 | 6.7|10.76) 94/2.95 /5.3 | 6.3]12.76/105|2.87 |5.4| §.8|14.76|115|2.79|5.3 |5.4 
<¢  3|10.92|109]3.16 |5.3 | 7.0 |12-92|/119|3.04 |5.3 | 6.6/14.92/130/2.95 |5.4| 6.1]16.92|/141|2.89|5.2 |5.8 
* 3/13.00/132|3.19 |5.2 | 7.3 |15.00/143|3.09 |5.2 | 6.9]17.00/154)3.01 |5.3 | 6.5]19.00|165/2.95|5.2 |6.1 
3X3x}| 9.76] 93/3-09|5.1 | 6.8 |11-76/104|2.97 |5.1| 6.4]13.76/115|2.89 |5.1| 6.0]15.76|126|2.83|5.1 |5.6 
© -3/12.44/123]3.15 |5.0| 7-1 ]14-44/134/3-05 |5.0| 6.7]/16.44/145|2.97 |5.0| 6.4118.44/156|2.91|5.0 |6.0 
6 3[15.00/151|3.17 |4.8 | 7.4 ]17-00)/ 162|3.09 |4.9 | 7.0119.00|173/3.02 |4.9| 6.7|21.00/184|2.96)5.0 |6.3 
32X3 9X8] 13-92/137/3-14 |4.6 | 7.3 |15-92|148|3.05 |4.7| 6.9]17.92/159/2.98 |4.7| 6.6]19.92/170]2.92|4.8 |6.2 
 3|17.00/168]3.15 |4.5 | 7.5 |19-00|179|3.07 |4.6| 7.2]21.00)190|3.01 /4.5 | 6.9]23.00|201|2.96|4.6 |6.5 
3119.92!19613.15 14.3 | 7.7 121.92|20713.08 14.41 7.4]23.92121813.02 |4.3 | 7.1]25.92122912.9714.4.16.8 
10’’xi”’ Web Plates. | 107x3’’ Web Plates. | 10’’x}’’ Web Plates. | 10’x5’’ Web Plates. 
24x24xi] 9.76/142|3.82 |6.4 | 7.5 |12.26|162|3.63 [6.5 | 7.3114.76/183|3.52 |6.6| 7.0]17.26|204|3.4416.8 |6.7 
“21 1.92]185|3.94 |6.6| 8.1 |14.42/205|3.77 |6.7 | 7.8]16.92|226/3.66 |6.7| 7.5/19.42/247|3.56,6.8 |7.1 
«  4114.00/22414.00 |6.9 | 8.8 |16.50]244]3.85 |6.9 | 8.4]19.00/265/3.73 |6.8 | 8.0]21.50/286/3.65/6.8 |7.5 
3x3x3|10.76|159|/3-84 |6.7 | 8.3 |13-26/179|3.68 |6.7 | 7.8]15.76/200/3.56 |6.7| 7.4|18.26]221/3.48 16.7 |6.9 
3113.44|209|3.94 |6.7| 8.7 ]|15.94|229|3.79 |6.7| 8.2]18.44/250|3.67 |6.6| 7.8]}20.94/271/3.60/6.6 |7.3 
 — 4116.00/256|4.00 |6.6 | 9.0 |18.50/276/3.86 |6.6 | 8.6]21.00|297|3.76 |6.6| 8.1/23.50/318|3.68 6.6 |7.7 
34x34x3]14.92/23213.94 |6.4.| 8.9 ]17-42/252/3.80 |6.5 | 8.5119.92/273|3.70 |6.4 | 8.0]22.42/294|3.62)6.4 17.5 
te i 18.00]285|3.98 |6.2 | 9.1 ]20.50/305|3.86 |6.3 | 8.7/23.00/326/3.76 |6.3 | 8.3]25.50/347)3-69/6.3 |7.8 
8120.92133313-99 16.0! 9.3 |23-42135313-88 |6.1 | 8.9]25.92137413.78 16.21 8.5]28.42/39513.7216.2 [8.1 
12'’x1" Web Plates. | 12/’x3’’ Web Plates. | 12x3’’ Web Plates. | 12’’x3’” Web Plates. 
24x24x1|10.76'220 4.52 |8.4| 9.4 |13-76|256|4.32 |8.3 | 9.0]16.76|292|4.17 |8.2 | 8.5]19.76/328|4.08/8.2 |8.0 
8112.92/288)4.72 |8.5 | 9.9 |15.92/324]4-51 |8.4.| 9-4]18.92/360/4.36 |8.3 | 8.9]21.92/396/4.25/8.3 |8.4 
 — 4115.00/343|4.78 |8.6 |10.3 |18.00]379|4.59 |8.5 | 9-8]21.00)415]4.45 |8.4| 9.3]24.00/451 4.34|8.3 |8.8 
3x3xi111.76|246|4.57 |8.3 | 9-7 |14-76|282|4.37 |8.2 | 9.3]17-76)318)4.23 |8.1| 8.8)20.76/354  4.13|8.0|8.3 
& 3174.441322)4.72 |8.2 |10.2 |17-44/358/4.53 |8-2 | 9.7/20.44|394/4.39 [8.1 | 9.2]23.44/430 4.28)8.r |8.7 
* —1117,00|392|4.80 |8.2 |10.6 |20.00/428|4.63 |8.2 |10.1]23.00|464/4.49 |8.2 | 9.6]26.00/500 4.39|8.2 |9.0 
33x33x3|15.92|356 4.73 |8.0 |10.4 |18.92/392/4.55 |7-9 | 9-9]21-92/428)4.42 7.9 | 9.4]24.92 464/4.31/8.0 |8.9 
#~ 1119.00] 437) 4.80 |8.0 |10.7 |22.00|473|4.64 |7-9 |10.2]25.00]509/4.51 |7.9| 9.7|28.00|545 4.41/8.0 |9.2 
& — 8/21.92/512 4.83 |7.9 |11.0 |24.92|548|4.69 |7.9 |10.6]27.92|584| 4.57 |7.9 |10.1]30.92|620) 4.48]7.9 |9.6 
4x4x3117.44 388 4.72 |7-7 |10.5 |20.44|424'4.58 |7.7 |10.0]23.44 460) 4.43 |7.7| 9.4126.44/496] 4.3317.7 |9.0 
se i eee 4.78 |7.7 |10.8 ]24.00 516/4.64 |7.6 |10.3127.00|552/4.53 |7.6| 9.8]30.00|588/4.43|7.6 |9.3 
 — 8)94.44/563'4.80 |7.6 | 11.1 |27-44|599|4-67 |7.5 |10.6/30.44/635]4.57 |7-5 |10.1]33.44/671/4.51]7.5 |9.7 
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TABLE 71.—Continued. 


PROPERTIES OF Four ANGLES AND Two PLATES, LACED. 


6 = Width, Back to Back 
of Angles, for Equal 
Moments of Inertia : 
about Axes A-A and B-B 

when Angles Are Turned Out. 

c=Same as 6 with Angles 


Properties of 
Four Angles and 
Two Plates, 


Laced. 
Angles eens Out 
n 


a Turn 
Angles Turned In. 


ed In. 
d= Depth of Web Plates+ 4’. 


Series Senses Series 4. 
Ene oO Sl eye Pee Can eS pale oo | & 
and 4 a 38 °§ oe a Es os Oa mins aa oe Oe ho a3 ees ao 
Size of a3 oe) = ar x5 Ss Five PAC) wi as ad os 
pages (AU Tal ro) Boe |) A} Ie |r | bl. ccf A) Pues b [ooo ce ee 
In. In2 | In4| In. | In. | In. ] In.2 | In.4 | In. | In. | In. ] In.2 | In| In. tae In. | In2 | In} In.| In. |] In 
14” x 3’ Web Plates. | 14’x3’’ Web Plates. | 14” x 3’ Web Plates. 14/’x 2” Web Plates. 
3x3X4|16.26] 414)5.05) 9.6/10.3]19.76| 471)4.89| 9.6|10.0]23.26| 528)4.77| 9.5] 9.5]26.76| 585|4.67) 9.6) 9.0 
“<" 3118.94| §20)5.24| 9-7/10.9]22.44) 577)/5.07| 9-7|10.4]25.94| 634/4.94| 9-6) 9.9]29.44| 691|4.84] 9.6) 9.5 
“3 )21-50| 620|5.37| 9-8/11.4]25.00) 677/5.20| 9.8/10.8)28.50] 734/5.07| 9-7|10.3]32.00] 791|4.97| 9.6] 10.0 
34x33x3]20.42| 570)/5.28] 9.6/11.1]23.92| 627|5.12| 9.6)10.6]27.42] 684|4.99| 9.5|/10.2130.92| 741/4.89] 9.5] 9.8 
© 1123.50] 685]5.40) 9.6/11.6]27.00]_742|5.25) 9.6|11.1]30.50] 799|5.12| 9.5|10.6134.00) 856|5.02| 9.5| 10.1 
“ 3126.42] 791|5.47| 9.6|12.1]29.92| 848/5.32] 9.6/11.6]33.42] 905|5.20| 9.5|/11.0]36.92| 962/5.10| 9.5] 10.5 
4x4x3|21.94] 616]5.30] 9.3|11-4]25.44] 673|5.15] 9.3/10.9|28.94| 730|5.02} 9.4|10.5]32.44] 787|4.93] 9.4] 10.0 
“ 4125.50] 747/5.41| 9.3|11.8}29.00| 804|5.26| 9.3/11.3]32.50| 861/5.15| 9.3|10.8136.00] 918|5.05| 9.4] 10.4 
$128.94] 867/5.47| 9.2/12.1|32.44| 924|5.34! 9.2/11-7135.94| 981/5.23| 9-3/11.2]39.44]1038]/5.13] 9.3] 10.8 


16x 4” Web Plates. | 16’ x 3’ Web Plates. | 16x 3” Web Plates. 16’ x 2” Web Plates. 


53/10.9|11.0 37.92 1129 5.46 10.9] 10.5 
69) 11.0) 11.5]41.00 1284 5.60,10.9| 11.0 
80) 11.0) 11.9]43.92 542057 11.5 


25.92| 873]5.80/11.0|12.0 29.92| 959 5-66|11.0|11.5133.92) 104415. 
29.00|1028|5.96'11.1|}12.4]33.00, 1114 5.81) 11.0]11.9|37.00, 1199) 
31.92|1172|6.06 11.1|/12.8]35.92|1258 5.92|/11.1|12.3]39.92|1343 


WwW 
ni- 
ak 
"Ww 
NiK 
Lat 
Golerto|+ o0|60 


5 
5 
5 
10.9 /12.1|31.44|1023'5.71|10.9|11.7|35.44|1108)5.60|10.9|11.5 39-44|1193|5.50|10.8| 11.1 
5 
5 


4X4X3|27.44 23, 
«4131.00 10.9)12.5]35.00)1199 5.85|/10.9|12.2]39.00/1284|5.74|10.9|11.8]43.00 1369 5.64)10.8| 11.4 
8 10.9]13-0/38.44|/1362 5.96) 10.9|12.6,42.44)1447|5.84|10.8|12.1146.44|1532|5.74)10.8| 11.7 
9.8] 12.8]37.44/1251 5.78] 9.8)12.4141.44/1336|5.68] 9.9/12.1]45.44|1421|5.60|10.2| 11.6 
9-7|13.2]43.00|1499 5.91| 9.7|12.8147.00/1584|5.81| 9.8|12.6]51.00! 1669 5.72|10.1| 12.1 
9.6] 13.6] 48.44]1733'5.98] 9.6]13.2152.44/1818]5.89| 9.7|13.0156.44|1903|5.81|10.0] 12.5 
9.5114.0]53.76}1953 6.03] 9.5|13-6157.76|2038|5.94| 9.6/13.4161.76|2123|5.87| 9.9] 12.9 
Plates. | 18’’x 3’ Web Plates. | 18’’x 3’ Web Plates. 18” x 7’ Web Plates 
12.4/13.2]32.42/1293|6.32/12.4|/12.8]36.92|1414|6.19|12.5|12.5|41.42|1536|6.09|12.4| 12.1 
12.6) 13.7]35-50|1495|6.49| 22.5|13-3]40.00) 1616/6.36)12.5)12.9]44.50|1738|6.25|12.4| 12.4 
12.7|14.2]38.42/ 1683 6.6%) 12.6|13.7142.92|1804|6.48|12.5|13.2|47.42|1926|6.38|12.4| 12.7 
12.4|13.5133-94/1378 6.38 12.2/12.9]38.44/1499|6.25|12.2/12.6]42.94|1621|6.14|12.1| 12.1 
12.5|14.0]37.50/1697|6.55|12.3|13.4|42.00|1728/6.42|12.3|13.0|46.50/1850|6.31|12.2| 12.5 
12.6)14.5140.94|7821/6.67 12.4/13-9]45.44|1942/6.54)12.4|13.4]49.94|2064|6.43/12.3| 12.4 
11.5/14.8]45. JO 2006 6.64 11.5 14.3]50.00|2127/6.53|11.5|13.8]54.50|2249|6.43|11.4| 13.3 
I1.3/15.2|50.94 2313|6 74 11.3)14.7/55.44|2434|6.63|11.3|14.2159.94|2556/6.53|11.4) 13.7 
I1.2/15-5/56.26 2604|6.80 11.2/15.1]60.76|2725|6.69|11.3|14.6]65.26|2847|6.59|11.3| 14.1 
II.1/1§.2]61.42 2884/6.85 11.1]15.5165.92|3005|6.74|11.2|15.0|70.42|3127|6.06|11.2| 14.5 


TABLE 71.—Continued. 


PROPERTIES OF Four ANGLES AND Two PuAtTEs, LACED. 


: b = Width, Back to Back 
ee eee of. d of Angles for Equal 
Two Plates Moments of Inertia 

Racca = = . about Axes A~A and B-B 

Angles qurped Out rf Lies es Some eee 

an ‘ j , 
with Angles Turned In. 
Angles Turned In. d = Depth of Web Plates + 3”. 


Series 4. 


¥ 
4 
2} 
o 
a 
Lal 


Moment 
of Inertia. 
Radius of 
Gyration 
Total 
Area. 
Moment 
of Inertia. 
Radius of 
Gyration. 
Moment 
of Inertia. 
Radius of 
Gyration 
Radius of 
Gyration. 


Size of 
Angles. 


Z| 


b b b r 


In, f 4 : Sahn 5 ; ; ert Ln, i A In. 


a 


Plates. 4 Plates. 20'’x2"’ Web Plates. | 20’’xt’’ Web Plates. 


13.8/14.5]34.92 .96|13.7|/14.0] 39.92/1858|6.83/13.6|13.5] 44.92/6.72|13.5|13.0 
14.0|15.0]38.00 -15/13.9)14.5] 43-00) 2112)7.02|/13.8/14.0| 48.00|6.90/13.6)/13.5 
14.2|15.6]40.92 31/14.0]15.0] 45.92/2350)7.15|13.9/14.5] 50.92/7.03|13.7/14.0 


13.7/14.8]36.44 .03}13.6)14.2] 41.44/1967|6.89/13.6|13.8] 46.44|6.78)13.5|/13.3 
13.9|15.4]40.00 .23|13.8}14.8] 45.00|2256/7.08/13.7/14.3] 50.00/6.96|13.6|13.8 
14.1|16.0]43.44 -37|13-9]15.3| 48.44/2527/7.23|13.9|14.8] 53.44/7.10]13.7|14.2 


13.1|16.2]48.00 .36/13.2]15.6] 53.00|2769)7.23|13.3/15.2] 58.00|7.12/13.4/14.2 
13.1|16.6]53.44 -49)13.1|/16.1] §8.44|3161/7.36)13.2/15.6] 63.44]7.24113.3/14.7 
13.0|17.0]58.76 -57|13-0|16.5] 63.76|3535|7-45|13.1/16.0] 68.76|7.34/13.1|/15.2 
12.9|17.4|63.92 17.64112.9116.9| 68.92/3894/7.52/12.9|16.4] 73.9217.42|12.9115.7 
Plates. | 22’’x?’ Web Plates. 22'’x4!"’ Web Plates. | 22’’x1’’ Web Plates. 


15.0/15.2]42.92 2383 7.45|14.9|14.8] 48.42 2605 7-34,14.9|14.3] 53-92|7.24'14.8|13.9 
15.3/15.7|46. 00, 2695 7.08)15.2/15.3] 51.50|2917|7.53/15.1|14.8] 57.00/7.43)15.0|14.4 
15.5|16.2]48.92 pene: 82/15.4/15.8] 54.42/3210/7.67/15.3|15.3| 59.92|/7.57|15.2/14.9 
15.0/15.5]44.44 2518 7.54/15.0 15.2] 49.94|2740/7.41 15.1/14.8) 55.44 
15.3|16.1]48.00 2874 7.74) 15.2 53-50/3096]7.61/15.2/15.3] 59.00 
15.6/16.7|51. fone 7.90|15.4/16.2] 56.94/3432/7-76/15.3|15.7] 62.44 
14.6|17.0 56.00 3517 7.93/14.6|16.5] 61.50 3739 7-80) 14. 6 16.1} 67.00 
14.6|17.4|61.44'4005 8.08/14.6|16.9] 66.94 4227|7.93)14.6 16.5] 72.44 
14,6|17.9|66.76 4471 8.19 14.6)17.4] 72.26 4693 8.05 14.6 16.9 77.76 
'14.6|18.3|71. 92 4920 8.27|14.6 8] 77-42 5142/8.15'14.6 17.4] 82.92 


Plates. 24/'x2"’ Web Plates. 24/'x%"’ Web Plates. | 24’x1 


16.4|16.7|47.44/3158|8.16|16.3|16.3] 53.44'3446|8.03|16.1/16.0] 59.44 
16.6]17.3]51-00|3588)/8.47|16.5/16.9] 57.00 3876|8.25/16.4|16.5] 63.00 
16.8/17.9|54.44|3995)/8.57|16.7/17.4| 60.44/4283|8.42/16.6)16.9] 66.44 


16.2|18.4]59.00 4377/8.62!16.1|17.9] 65.00 4665|8.4.7|16.0)17.4] 71.00 
16.2|18.9]64.44/4972|8.79|16.1|18.4) 70.44/5260|8.64|16.0|17.9] 76.44 
16.2]19.3]69.76)5541|8.92|16.2/18.9] 75.76/5829|8.77|16.1) 18.3] 81.76 
16.2]19.8]74.92|6090|9.02|16.2 19.3] 80.92,6378/8.88) 16.1/18.8] 86.92 


15.3|19.0]67.00) 5060/8.69]15.3/18.5] 73.00 5348)/8.56)15.3/18.0] 79.00 
15.2|19.6|74.44|5825|8.85|15.2/19.1] 80.44)6113/8.72/15.2|/18.6] 86.44 
15.1/20.1|81.76 6556|8.96|15.1 19.6] 87.76,6844/8.84/15.1/19.1] 93.76 
15.0|20.5]88.92/7264|9.04/15.0,19.9] 94.92/7552)/8.93|15.0/19.4]100.92 
14.9|20.8]96.00/7941|9.10) 14.9, 20.2]102.00/8229 8. 14.9 19.7 108.00 


15.1|14.2 
15.1|14.7 
15.1/15.3 


14.6)15.6 
14.6|16.0 
14.6/16.5 
14.5|16.9 
eb Plates. 


16.0| 15.6 
16.3] 16.0 
16.5| 16.4 
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16.0|16.9 
16.0|17.4 
16.1|17.8 
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15.3/17-5 
15.3|18.0 
15.3/18.5 
15.2/19.0 
15.2/19.5 
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TABLE 71.—Continued. 


PROPERTIES OF FouR ANGLES AND Two PLATES, LACED. 


. b= Width, Back to Back 
Roe ea of Angles, for Equal 
AT auPIa ten Moments of Inertia 
“ eae : =-f+— S about Axes A-A and B-B 
Anal Tar ea Out for Angles Turned Out. 
ngles yurae uu c= Same as 8 but 
wit gles Turn n. 
Angles Turned In, d= Depth of Web Plates+ 3”. 


Series 4. 


# 
ot 
bee 
oO 
a 
al 


Moment 
of Inertia. 
Radius of 
Gyration. 
Moment 
of Inertia 

Radius of 
Gyration. 
Radius of 
Gyration. 
Radius of 
Gyration. 


i) 
Mt 
oa 
4 


b b b 
In. ‘ dj In.4 In.=|) Inv. r f In. | In.] In.] In2 Tne joins. 


26” x 8” Web Plates. x 3’ Web Plates. x 2” Web Plates.| 26” x 1” Web Plates. . 


8.96 17.7/18.0] 50.44) 3892] 8.79|17.6|17. A .63/17.5|17-1] 63.44] 8.54/17-4 
9.23 18.0}18.6] 54.00} 4405] 9.05)17.8/18. : .88|17.7|17.6] 67.00] 8.76|17.6 
9.42 18.2]/19.2 .44| 4889] 9.23/18.1/18. ; .07118.0}18.2] 70.44] 8.94/17.9 
9.48 17.7|19.7 : 5356] 9.29|17.7|19. : .15/17.6|18.7] 75.00] 9.02|17.5 
9.68 17.8|20.2] 67.44) 6068) 9.49)17.7|19. ; .34/17.6|19.2] 80.44] 9.20]17.5 
9.82: 17.8|20.8} 72.76] 6751] 9.64|17.8]20. ; .47,17.7|19.7| 85.76 9.34|17.6 
9.94 17.9|21.3 92} 7409] 9.76|17.9|20. : .60/17.8/20.2] 90.92] 9.46)17.7 
9.58 16.8]20.5] 70.00] 6184) 9.40/16.8/20. : .26|16.8/19.4] 83.00] 9.13/16.8 
9-75|16.8|21.0] 77.44] 7103] 9.58/16.8/20. : .44|16.8]}19.9] 90.44] 9.32/16.8 
9.88'16.8|21.6] 84.76] 7983] 9.71|16.7/20. é -56|16.7|20.4] 97.76) 9.45|16.7 
9.96 16.7|22.0] 91.92} 8837] 9.81/16.6/21. : -67|/16.6/20.9]104.92| 9.56/16.6 
10.02'16.6/22.3 .00} 9655] 9.88/16.6|21.9]105.50| 9.76/16.6/21.4]112.00| 9.64|16.6 


28” x 2 Web Plates. x #” Web Plates. 28” x 1” Web Plates.|28’’x 12” Web Plates.| 


4728] 9.41|18.8)18.6] 60.44) 5185] 9.27/18.8)18.4] 67.44] 9.15]/18.7|/17.8] 74.44] 9.05|18.6/17.4 
5329] 9.67|19.1/19.3| 64.00] 5786) 9.51/19.0|18.9] 71.00] 9.38)19.0|18.3] 78.00) 9.27|18.9/18.0 
5898) 9.88)/19.4/19.9 p 6355] 9-71/19.3|19-5] 74-44] 9.57/19.2/18.9] 81.44] 9.45/19.1|18.5 
6458] 9.97|19.0|20.4] 72.00] 6915} 9.81/18.9]19.9] 79.00] 9.66|18.9|19.5] 86.00] 9.55|18.8 
7299|10.17/19.1|20.9] 77.44] 7756|10.01|19.0/20.4] 84.44] 9.87|19.0|20.0] 91.44] 9.74/18.9 
8106/10.35]19.2/21.5] 82.76} 8563/10.21/19.1/21.0] 89.76|10.03/19.1/20.5] 96.76] 9.90|19.0 
8885] 10.47|19.3|22.0 -92| 9342|/10.31/19.2)21.5] 94.92/10.16}19.2/21.0] 101.92] 10.03] 19.1 


7447|10.10)18.3)21.2 E 7904| 9.94|18.3}20.7] 87.00} 9.81/18.4|20.2] 94.00) 9.69|18.4 
8536/10.30|18.3/21.8 : 8993/10.14/18.3/21.2] 94.44/10.00]18.4/20.7|101.44] 9.90|18.4 
9579] 10.45/18.3}22.4] 94.76|/10036|10.30]18.3|21.7] 101.76) 10.15|18.4|21.2|108.76|10.03]18.4 
10594| 10.56] 18.3|22.8] 101.92) 1105 1|10.42|18.3)22.2] 108.92] 10.27|18.4/21.7]/115.92|10.06/18.4 
11568/10.65/18.3/23.3]109.00|12025|10.50|18.4|/22.8]116.00|10.37/18.4|22.3]123.00|10.25|18.4 


30’ x 2’ Web Plates. 30 x $’ Web Plates. 30x 1” Web Plates.}30’’x 14’ Web Plates. 


5670|10.02|20.1]19.9] 63.94] 6233] 9.88/20.0)19.5} 71.44] 9.76]20.0/19.0] 78.94] 9.56/19.9 
6367|10.30|20.5|20.6] 67.50] 6930|10.12|/20.4|20.0] 75.00|10.00|20.3|19.6| 82.50] 9.89|20.2 
7027|10.51)20.8/21.2} 70.94] 7590/10.35)20.7|20.5] '78.44|10.20|20.5|20.2] 85.94/10.06|20.4 


7690|10.64|20.5|21.71 75.50] 8253/10.46|20.4|21.2] 83.00] 10.30/20.3/20.8] 90.50)10.18|20.2 
8670] 10.86/20.7|22.2} 80.94] 9233|10.68|20.6/21.8] 88.44/10.51/20.5/21.4| 95.94|10.40|20.4 
9613|11.05|20.9|22.8] 86.26] 10176) 10.86|20.7/22.3] 93.76]10.70|20.6|21.9| 101.26] 10.56}20.5 
10522)/11.20/21.0/23.4] 91.42/11085|11.02|/20.9/22.9| 98.92/10.85|20.8/22.5]106.42]10.71|20.7 


8857|10.78]19.9]22.5| 83.50] 9420)10.62|20.0|22.0] 91.00|10.46|19.8|21.5] 98.50]/10.35|19.9 
10129|11.02|19.9|23.0] 90.94|10692|10.85/20.1|22.5] 98.44|10.70|19.8/22.0]105.94|10.56|20.0} 
11352|11.20|19.9|23.6] 98.26|11915|11.02/20.2|/23.1]105.76|10.85|19.8|22.6]113.26|10.73|20.1 
12541|11.32|20.0/24.1]105.42|13 104] 11.15|20.2|23.6]112.92/11.00|19.9|23.1|120.42!|10.90|20.1 
13685]11.42|20.0|]24.7|112.50|14248) 11.25/20.2|24.2|120.00|11.11|19.9|23.7|127.50]|10.98|20.1 
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TABLE 71.—Continued. 


PROPERTIES OF Four ANGLES AND Two PLATES, LACED. 


b = Width, Back to Back 
of Angles, for Equal 
Moments of Inertia 

about Axes A—A and B-B 

with Angles Turned Out. 


Properties of 
Four Angles and 
Two Plates, Laced. 
Angles Turned Out 


and 
Angles Turned In. 


c = Same as b, 3 
Angles Turned'I 
d = Depth of Web Plates +H. 


in 
a 
Lal 


Series 3. Series 4. 


Moment 
of Inertia. 
Gyration. 


Radius of 
Gyration. 
b. to b 
Angles 
Total 
Area. 
Moment 
of Inertia 
Radius of 
Gyration. 
Radius of 
Gyration. 
Radius of’ 


> 
4 


b © A r b c 


b c A 


In. In? Ente ip. ah Enel East, d.? Ini® }-In.-\ In. || In. | In? In. | In. | In. ] In? In. | In. | In. 


32"'x¢"’ Web Plates. 32"'xz"’ Web Plates. 32!" x1’ Web Plates. | 32’’x13’’ Web Plates. 


59-44) 6725|10.65}21.4/21.1] 67.44] 7408|10.47/21.3/20.7] 75.44|10.35/21.2/20.2] 83.44/10.25/21.1|19.8 
63.00] 7525|/10.94/21.8|21.8] 71.00] 8208/10.75|21.7|21.3] 79.00|10.60|21.6/20.8] 87.00] 10.50/21.4|20.4 
66.44) 8284)11.16)22.1/22.4] 74.44] 8967|/10.97/22.0|21.9] 82.44/10.82/21.8/21.4] 90.44/10.70|21.7/20.9 


71.00} 9058) 11.30|21.8/23.0] 79.00) 9741/I1.11|21.7/22.5| 87.00|10.95|/21.6/21.9| 95.00) 10.80)21.5/21.4 
76.44) 1O189|11.55/22.0/23.6] 84.44/10872]11.35|21.9|23.1] 92.44/11.18|21.8|22.5|100.44|11.04|21.7/22.0 
'T1277|11.75|22.2/24.2| 89.76| 11960] 11.55|22.1/23.6] 97.76)11.37|21.9|23.1| 105.76) 11.23|21.8/22.5 
86.92/12328|11.90|22.4/24.8] 94.92|13011|11.72|22.3|24.2]102.92|11.54/22.1/23-7|110.92/11.38/22.0|23.1 
79.00; 10419|11.50|21.3/23.9] 87.00) 11102|11.30/21.3/23.3] 95-00/11.14/21.2/22.8] 103 .00|11.00|21.2/22.2 
86.44) 11890|11.74|21.4|24.6] 94.44|/12573|11.55|21.4|24.0] 102.00] 11.40/21.3|/23.3|110.44/11.25/21.3|22.9 
93-76) 13305|11.92/21.6|25.3|101.76|13988|11.71|/21.5|24.7|109.76/11.55/21.4/24.1]117.70|11.42/21.3|23.5 
100.92|14683|12.06/21.6|25.8] 108.92] 15366|11.89|21.5/25.2|116.92|11.72/21.4/24.6]124.92|11.57/21.3/24.0 
108.00! 1601 1|12.18]21.6|26.2]116.00| 16694|12.00|21.5|25.6]124.00|11.85|/21.4/25.1]132.00|11.70|21.3/24.5 


34’x3"’ Web Plates. 34/'xt"" Web Plates. 34/'x1"’ Web Plates. | 34’’x13’’ Web Plates. 


62.44| 7899|11.25|22.6|22.2] 70.94) 8718|11.08/22.5/21.8] 79.44/10.95|22.4/21.4] 87.94|10.85|22.3]21.0 
66.00] 8809/11.55'23.0/22.9] 74.50) 9628|11.37/22.9|22.5] 83.00)11.21/22.8/22.0] Q1.50|11.10)22.7|/21.6 
69.44| 9673/11.80|23.4|23.7| 77.94)10492|11.60|23.3|23.2] 86.44|11.45/23.1|22.6] 94.94|11.30|23.0|22.1 
74.00] 10568/11.95|23.2/24.3] 82.50,11387)/11.75|23.0|23.8] 91.00/11.58/22.9/23.3] 99.50/11.45/22.7/22.8 
79.44|11860|12.23|23.4|24.9] 87.94|12679|12.02/23.2|24.3] 96.44/11.84/23.1/23.8]104.94|11.70|22.9|23.3 
13105|12.45|23.7|25.6] 93.26/13924|/12.23/23.5|25.0| 101.76|/12.03/23.4/24.5]110.26/11.89/23.2/23.9 
89.92/14307|12.63|23.9)/26.2] 98.42/15126]12.37|23.7|/25.7|106.92| 12.20/23 .6)25.2]115.42)12.05/23.4|24.4 
82.00] 12138]12.16)22.8]25.2] 90.50/12957|11.97/22.7|24.6] 99.00|11.80|22.6)24.1]107.50)11.65/22.5/23.5 
89.44/13823/12.44|/22.9/25.9| 97.94)14642|12:24|22.9|25.41106.44|12.06/22.8/24.8]114.94|11.90 22.7/24.2 
96.76|15447|12.65|23.1|26.7] 105.26) 16266/12.44|/23.0|26.1]113.76)12.25|22.9/25.5/122.26|12.10)22.8)24.9 
103.92|17027|12.81/23.1|/27.2]112.42|17846|12.60|23.0/26.6]120.92]12.44|23.0)26.0]129.42/12.28 22.9|/25.4 
I11.00|18554|12.97|23.2|27.7|119.50 19373|12-75|23-1|27-1]128.00] 12.55|23.1|/26.5|136.50|12.40 23.0|25.9 


36”x$"" Web Plates. 36’"x%” Web Plates. _| 36’’x1” Web Plates. | 36’’x1§”’ Web Plates. 


65.44] 9199|11.85/23.9|23.4] 74.44|1OI7I/11.70|23.9/23.0] 83.44/11.55|23.9|22-7| 92.44|11.45|23.5/22.3 
69.00] 10225|12.18/24.3|24.1] 78.00|11197|11.97|24.2/23.7] 87.00|11.84|24.2/23.3] 96.00/11.70|23.8|22.8 
72.44) 11201/12.45|24.7|24.9| 81.44/12173|12.23|24.5|24.41 90.44/12.06/24.4|23.8] 99.44|11.91/24.2|23.3 
77.00|12227|12.60|24.6/25.5! 86.00|13199|12.40/24.4|25.0! 95.00|12.22/24.3/24.4|104.00|12.06/24.1|23.9 
82.44)13690|12.85|24.8|26.2| 91.44/14662|12.66|24.8|25.8]}100.4.4|12.48]24.7/25.3]109.44/12.30/24.7|24.9 
87.76/15 102|13.12|25.1/26.8] 96.76|16074|12.90|25.1/26.5|105.76|12.70/24.8/25.7/114.76]12.54/25.2/25.9 
16466} 13.32/25.3|27.5|101.92|17438|13.08|25.5|26.9]1 10.92] 12.90, 25.0/26.3/119.92|12.71|25.8/26.9 

85.00|14022/12.85/24.3/26.5] 94.00/14994|12.64|24.2|25.9]103.00|12.45/24.0/25.3|112.00|12.30|23.9]24.7 

92.44|15935|13.14|24.5|27.3| 101.44|16907|12.92|24.4|26.6]110.44]12.74/24.2/26.1]119.44/12.57/24.1/25.4 

99-76|17782|13.36/24.7|28.1|108.76|18754|13.14|24.6|27.4]117-76|12.95 24.4|26.8]126.76|12.78/24.3|26.1 
106.92|19580|13.55|24.7/28.6|115.92|20552/13.32/24.6/28.0|124.92/13.09, 24.5/27.3|133-92|12.96|24.4|26.7 
114.00|21318| 13.69) 24.8] 29.1|123.00|22290|13.45|24.7|28.5|132.00|13.25|24.6)27.8]141.00|13.12|24.5|27.2 
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TABLE 72. 
PROPERTIES OF FouR ANGLES AND Four PLATES. 


' 
! 
' 
> 
‘ 


Properties of 
Four Angles and 
- Four Plates; 


Edges of Angles Flush with 
Edges of Cover Plates. 
d= Depth of Web Plates Plus }/’. 


Nai ssa 


1 


Series 1, 2and 3. Series x, ies 2. Series 3. 


Axis A-A. i B i 6 i Axis A-A. | Axis B-B 


Cover Plates. 
Radius of 
Gyration 
Radius of 
Gyration 
Moment of 
Radius of 
Gyration. 
Moment of 

Inertia. 
Radius of 
Gyration. 

Total Area. 
Moment of 

Inertia, 
Radius of 
Gyration 

=| Maar of 

i) Inertia, 
Radius of 
Gyration, 


> | Total Area. 
Moment of 


> 
i 
al 

> 
eo 

les} 


In, In4 | In. Ini? sing 


’>X 4 Web Plates. "> 3’ Web Plates. 


rl 
pt 


Jeo Golerto|4 o0]c9 oolen bol! cole 


703 |©.16| 481 |4.13 |31.26| 789 |5.02| 516 
910 |5.35| 538 )4.12|34.76| 946 |5.22| 573 
1073 |5.52| 595 |4.11 |38.26| 1109 |5.39| 630 
829 |5.18| 550 |4.22|33.94| 865 |5.05 
986 |5.35| 607 |4.19 137-44 | 1022 |5.23 
1149 |5.53| 664 |4.18 140.94 | 1185 |5.38 
926 |5.22| 786 |4.81 136.92 | 962 |5.10 
1105 |5.40] 871 |4.79 140.92 | 1141 |5.28 
1290 |§.55| 956 |4.78 144.92 | 1326 |5.43 
1007 |5.22] 890 |4.91 ]40.00 | 1043 |5.11 
1186 |5.38] 975 |4.88 144.00 | 1222 |5.27 
1371 |5.52 | 1060 |4.86 |48.00 | 1407 |5.41 


14” X 3” Web Plates. 14” X 3” Web Plates. 


1374 |6.06 | 1183 |5.62 }40.92 | 1431 |5.91 | 1268 
1640 |6.26 | 1304 1697 |6.12 | 1390 
1914 |6.42 | 1426 |5. : 1971 |6.28 | 1511 
1489 |6.07 | 1325 |5. .00 | 1546 |5.93 | 1410 
1755 |6.30] 1446 |S. 3 1812 '6.12 | 1532 
2029 |6.41 | 1568 |5. .00 | 2086 |6.28 | 1653 
I4I5 |6.03 | 1130 |5. : 1473 '5.89| 1198 
1686 |6.23 | 1251 |5. .94| 1743 6.10] 1320 
1960 |6.42 | 1373 |5. 44.| 2017 6.26 | 1441 
1551 |6.04 | 1276 |5. : 1608 '5.91 | 1345 
1817 |6.22 | 1397 |5. .50| 1874 6.09 | 1466 
2091 |6.38 | 1519 Is. .00! 2148 6.25 | 1588 


'X #4” Web Plates. ’X 3” Web Plate 


2319 |7.11 | 1863 |6.: .92 | 2405 |6.94 | 2004 
2707 |7.29 | 2030 |6. .92 | 2793 |7.13 | 2171 
3107 |7.46 | 2196 |6. .92 | 3193 |7-30 | 2337 
2389 |7.29 | 1903 24.74 |7.11 | 2050 |6. ; 2560 |6.95 | 2191 
2777 |7.45 | 2069 2862 |7.28 | 2217 |6. : 2948 |7.14 | 2357 
3177 |7.56 | 2236 |6. .00 | 3262 |7.44 | 2383 |6. .00 | 3348.)7.30 | 2524 
2298 |7.28 | 1674 |6. .A4 | 2383 |7.09 | 1797 16.16 |51.44 | 2469 |6.93 | 1915 
2686 |7.44 | 1840 |6. .44.| 2771 |7.27 | 1964 |6.12 |56.44 | 2857 |7.12 | 2082 
3086 |7.60 | 2007 |6.13 157.44 | 3171 |7.43 | 2130 |6.09 |61.44 | 3257 |7.28 | 2249 
2474 |7.26 | 1869 |6.31 [51.00] 2559 |7.09 | 1992 |6.25 55.00 | 2645 |6.94 | 2110 
2862 |7.42 | 2035 |6.26 156.00 | 2947 |7.26 | 2158 |6.21 |60.00 | 3033 |7-11 | 2277 
3262 |7.55 | 2202 16.22 161.00 | 3347 |7.41 | 2325 |6.19 ]65.00 | 3433 |7-27 | 2444. 
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1317 [6.24 | 1093 
1583 |6.42 | 1215 
1857 |6.58 | 1336 
1432 |6.22 | 1235 
1698 |6.40 | 1357 
1972 16.55 | 1478 
1363 |6.20 | 1057 
1629 |6.39 | 1178 
1903 |6.55 | 1300 
1494 |6.19 | 1203 
1760 |6.36 | 1325 
2034 |6.51 | 1446 
16” X 3” Web Plate 


1.92 | 2234 |7.30| 1716 | 
.92 | 2622 |7.48 | 1883 
3022 |7.63 | 2049 
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TABLE 72.— Continued. 
PROPERTIES OF Four ANGLES AND Four PLATES. 


Properties of Edges of Angles Flush with 
Four Angles and = - Edges of Cover Plates. 
Four Plates. d= Depth of Web Plates Plus }/”, 


Series 1, 2 and 3. Series x. ies 2. Series 3. 


Axis A-A, 


> 
aa 
wo 
ry 


Size of 
Angles. 


Total Area. 
Total Area, 
Total Area, 


Cover Plates. 
Radius of 
Gyration 
Moment of 
Radios of 
Gyration. 
Radius of 
Gyration. 

Moment of 
Inertia. 
Radius of 
Gyration. 
Moment of 
Inertia. 
Radius of 
Gyration, 
Moment of 
Radius of 
Gyration, 


> 
4 

> 

2 | 
r= 

re} 


Ig 


2 F In. In.4 


18” X 3” Web Plates. 18” X 3” Web Plates. 


A 


tn? | In, ; : In, 


5 
= 
p 


2564 |7. -42 |3279| 7.76 | 2780 |7.16 
2786 |7. d .98 | 3002 |7.11 
3008 |7. : -16 | 3224 |7.02 
2802 |7. ; -79 | 3018 |7.25 
3023 |7.20 |63. -98 | 3239 |7.17 
3245 |7. ; -I5 | 3461 |7.11 
2484 |6. : -76 | 2669 |6.91 
2705 |6.89 |61. .96 | 2891 |6.86 
2927 |6. : 14 | 3113 |6.81 
2734 |7. : -77 | 2919 |7.01 
2956 |7.00 |65.00 96 | 3141 |6.95 
3178 |6.94 70.50 .14 | 3363 |6.91 


20” X 4” Web Plates. 20” X &” Web Plates. 


4426] 8.83 | 3717 |8. .00 |4593] 8.61 | 4031 |8.07 
5127| 9.02 | 4005 |7. .00 |5293| 8.83 | 4319 |7.98 
5844] 9.22 | 4293 |7. .00 |6011) 9.01 | 4607 |7.89 
4664] 8.82 |3999 |8. .92 |4831| 8.62 | 4313 |8.15 
5365] 9.02 | 4287 |8. 92 |5531| 8.84 | 4601 |8.06 
6082] 9.22 | 4575 |7. .92 |6249| 9.02 | 4889 |7.97 


4571| 8.80] 3640 |7. .00 14737] 8.60 | 3916 |7.84 
5271| 9.01 | 3928 |7. .00 15437| 8.82 | 4204 |7.78 
5988] 9.18 | 4216 |7. .00 |6155] 9.01 | 4492 |7.70 
4841| 8.80 | 3952 |7. 44/5008] 8.62 | 4228 |7.92 
5542| 9.00] 4240 |7. .44.|5708| 8.82 | 4516 |7.84 
62591 9.17! 4528 |7. 4416426] 9.00 | 4804 |7.78 


22” X 4” Web Plates. 22!’ X &” Web Plates. 


6933| 9.96 | 6351 |9. .50|7155| 9-74.| 6894 |9.56 
7930|10.15 | 6808 |9. .50 |8152| 9.94] 7351 19-44 
8949|10.32 | 7265 |9. £0 |QI71|10.13 |7809 
7226| 9.96 | 6758 |g. 4217448] 9.75 | 7302 
8223|10.15 | 7216 |9. 42 18445] 9.95 | 7759 
9242|10.31 | 7673 |9. 42 |9464|10.13 | 8217 
7112| 9.95 | 6276 |9. 50/7334] 9-74 | 6764 
8109|10.13 | 6733 |9. 50 |8331| 9.94.| 7222 
9128/10.30| 7191 |9. £0 |9350)/10.11 | 7679 
7448) 9.94. | 6731 |9. .94 |7670] 9-74| 7219 
8445|10.12 | 7188 |9. -94 |8667| 9.94.| 7677 
9464| 10.28 | 7646 |9. .94.|9686| 10.11 | 8134 
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TABLE 73. 


PROPERTIES OF Four ANGLES LACED AND E1rGHT ANGLES BATTENED. 


Four Angles. 


> 


<--- == 
is 


Laced (Box Column). 


Axis A-A. 


Size 
of Angles. 


Moment 
of Inertia 
Radius of 
Gyration. 

Moment 
of Inertia. 
Radius of 
Gyration. 

Moment 
of Inertia. 
Radius of 
Gyration. 


_ 

> 
4 

> 


TA 
In. | In4 


foal 
Bop 
~ 


Value of d in Inches. 


105 123 - 


_ 117 /4.50| 174)5.4 
167 14-45 | 249)5.44 
214 14-41 | 320/5.39 

123 143 
398|6.33 
513/6.28 
620/6.24 

123 163 
316 |5.26 596|7.22 
408 {5.22 772|7.17 

93517-12 


491 |5.16 
20% 


164 
~ 824 [6.87 1354|8.81 
1769|8.76 


1072 |6.82 
2161|8.72 


1306 |6.77 
1526 |6.72 2535|8.66 


72 \3-53 

102 |3.48 

130 13-44 
103 


190 |4.38 
243 14-32 


291 |4.28 


284 |5.35 


The table given above is intended to serve 
only as a guide in the choice of sections and not 
as a complete table. The properties of other 
sections may be found as follows: 

Example: Required the properties of a 
square box column consisting of 4 4 4/’x4/’x3”, 
laced, 13} in. back to back. 

Solution: Table 32 evidently applies to 
angles with legs turned in, as well as angles 
with legs turned out. 

Area, from Table 32 = 15.00 in 

I, = Ix, from Table 32 = 467 in.4 


ty =NVI, + A =467 + 15.00 = 5.58 in. 


Eight Angles. 


A 
Battened (Gray Column). 


E 
G 
> 


Size 
of Angles. 


Gyration. 
Moment 
of Inertia. 
Radius of 
Gyration. 
Moment 
of Inertia. 
Radius of 
Gyration. 


of Inertia. 
Radius of 


_ 
> 
> 


In 
Value of d in Inches. 
143 
251 |4.67 
362 14.63 
466 |4.60 
143 


123 


183 |3-97 
3-95 


263 
338 13-92 
123 


478|5.32 


163 
306 |3.93 | 419 /4.59 
394 |3-89| 542 |4.57 
476 |3.87 | _ 656 14.54 

143 
477 |4.56 

618 14.54 

750 14.51 _¢ 

183 

1180 |5.82 4 


1542 |5-79 
1887 |5.76 
2216 |5.73 


716|5.25 
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3360)7.05 


The table given above is intended to serve 
only as a guide in the choice of sections and not 
as a complete table. The properties of other 
sections may be found as follows: 

Example: Required the properties of a 
column consisting of 8 4 4’’x4’’x3”, battened, 
15% in. back to back. 

Solution: From Tables 32 and 35 the 
moment of inertia about axis 4-4 equals 645 
+ 43 = 688 in.t and the area equals 2 X 15.00 
= 30.00 sq. in. 

The radius of gyration equals 


r =I + A = 688 + 30.00 = 4.79 in. 


134 


33915-35 
616|5.29 


553|5.28 


TABLE 74. 
PROPERTIES OF E1GHT ANGLES AND THREE PLATES. 


P me d= Width of Web Plate 
ae es " a teed Inch. 
. h = Width of Flange Plates 
ae es © Plus One-half Inch, 
arge Sections may be 
Three Plates. | Laced on Opén Sides, 


Axis A-A, Axis B-B. 


Size of Si f Ait ae 1 he ae 
Flange I SS arp 1 Odeile Asc Moment of | Radius of | Moment of} Radius of 
Plates. BICC A ie testy |) UsotGe AHEISS. Inertia. Gyration. Inertia. Gyration, 


Ty TA I 


. In4 In. In,4 


46.84 3238 8.31 1198 
59-75 4135 8.32 1534 
72.34 5016 8 32 1856 
60.00 5OsI 9.17 1976 
74.38 6261 9.17 2431 
88.52 | . 7459 9.18 2875 
71.24 7319 10.13 2708 
86.37 8885 10.14 3285 
101.26 10434 10.15 3845 
75-00 9175 11.05 3356 
90.88 III39 11.06 4070 
106.52 13083 11.08 4767 
126.02 17447 11.77 7021 
146.09 20234. T177. 8102 
166.00 23001 11.77 g168 
130.52 21081 12.71 8376 
151.34 24456 12.71 9672 
172.00 27809 D275 10943 
146.27 27369 13.67 10456 
167.84. 31433 13.68 11988 
189.25 | 35477 13.69 13496 


” ba 
” ba 
bolt 
| 
RO 
ie 
M4 


. 
a 
n 
a 


@lorb9|- 00/9 
olor bo| cojeo 


bo 
ie} 
tal 
iS} 
ie} 
pb 


‘ 


. 
a 
. 
ns 
5 


. 
. 
a 

bole [co Colenbo|t 
« 
rN 


iS) 
% 
is} 
dv 
p4 


pd 
Ola Colt So ht Colma [62 Colma [Co.O0|61 ColszH|Cocojen Helcoco|erto|H Heo colon BoE 
& 
tal 
Pt Cola et oft [Co Colt [Co Colao color Cola [Cocoon HB [cocoJerbo|H AICO Color RO]! 


a 
. 
a 
a 
bd 
FH On|THA|CO et Colt [Oo bed Cols [co [oo co|enbo|Ht tR|coCo|Cr bol! pAIco Colon bo|-s 


rs 

a 
a 
5 


a 
ch 


a 
a 


ia 


n 
n 
a 


a 
a 
n 
a 


S) 

Ro 
Lal 
ba 


. 


n 
_ 
n 
n 


30x 
“ee I 


5 
8 
3 
4 
1 
2 
5 
8 
3 
4 
3 
4 
1 
B 
I 
3 
4 
7 
8 
I 
3 
4 
7 
8 
I 


|e 


The above table is intended to serve only as a guide in the choice of sections and not as a com- 
plete table. The properties of other sections may be found as follows: 
Example: Required the properties of a section composed of a 20” X 3” web plate, two 24” 
3 


< 3” flange plates, four 4” x 4" X 4” inside angles and, four 6” & 4” X }” outside angles fastened 
by 4” legs, d = 203”, b = 243”. 


Solution: 


BAO peas SOONER SP eats 

Ta | Table =VI, +A |=V Ig eA 
No. ; : 
n. n 


7506 ESE 
4-Ins. A E | g1.26 \ 91.26 

4-Outs. A | 6x4x¥ ; 
piotalies| os eee - Ta = 9.07 [Tp = 7-55, 
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TABLE 75 
ELEMENTS OF Z-BAR COLUMNS 
AMERICAN BRIDGE COMPANY STANDARDS 


Dimensions in Inches “ Rivets 3?” Dram. 


Size of Z-Bars 


5. 
H 
| 
H 


Size of Flanges STANDARD DIMENSIONS 


oment of 

Inertia 
Gyration 

Inertia 
Radius of 
Gyration 


Radius of 


Moment of 


Ins. 


22 <3 


alas lanl 


| 
SRO M 
Wh ioe 
Se ats 
Ax H~A 


t-->} 


BSCS Oe 
2% X3i16X2z 


web |scoles 


en) 


Same Thickness as Z-Bar 


| 


ren 
le 


23 X4 X25 
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TABLE 77. 
PROPERTIES OF CHORD SECTIONS. 
McCriintic-MarsHat Construction Co. STANDARDS. 


1B 
Properties of ae oe \, Long Legs Turned Out. 


Two Angles and Top of Plate 3’” Below 
One Web Plate. Backs of Angles. 


E 
i 
> 
ih 


Moment 
of Inertia. 
Radius of 

Section 

Moment 
of Inertia. 
Radius of 
Gyration. 

Moment 
of Inertia 
Radius of 
Gyration. 

Section 
Modulus. 
Centroid. 

Moment 
of Inertia. 
Radius of 
Gyration. 


Gyration. 
wn 
ie | Modulus. 


Size of Angles. 
Size of Angles. 
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TABLE 77.—Continued. 
PROPERTIES OF CHORD SECTIONS. 
McCurintTic-MARSHALL CONSTRUCTION Co. STANDARDS. 


Properties of 
Two Angles and 
One Web Plate. 


Long Legs Turned Out. 
Top of Plate }/’ Below 
Backs of Angles. 


3 ; z Axis A~A. Axis B-B| —g : : Axis A-A. Axis B-B 
= 8 a alee . <é 3 ares 7 < 4 a ayo . . 3 oe 

OD HS/Os)/ a3} yu l/e8]| 0° es og Blo | 2. One 
3 2 1g | fei eelss| 8 |ebiss| 2 4 |g /| 25\88/S5] 8 | 35) ae 
| s | 2 |-se(seles| a jcise] 2] 3 | & | SEs/33| 2 |Selze 
% g & | Ay |A5/%S| 6 faglad % g & | Ag led/Ps| 6 |a5/a6 
n =aes aaa | RSE aa N an ; = 
B A Ta A Sa e Ip Tg 7) A I, TA Sa e Ip TB 
In. In In2 | In | In, | In.3) In. | In.#| In. In. In. In2 | In4 | In. | In3] In. | In4] In. 
12Xqe|3. X23XE | 6.37| 94.8)3.84/24.013-95! 5-3] .92|12XF 14 X3 XZ |12.50/168.6|3.67|49.113.43 26.4] 1.4 
3 X23 Xz] 6.99|100.7/3.79|27.5/3.67| 6.7] .98 5 X3 Xe |11.72/166.4/3.76| 46.8)3.55 36.5/1.7; 
33 X23 Xt | 6.63] 98.5/3.86)25.9|3.81| 8.2) 1.11 5 X3 Xs |13.50]178.213.63155.9 3-19 48.9|1.9 
33 X24 XPs| 7-31] 104.5|3.78129.6|3.53| 10.3) 1.19 5 X32XF |14.00]178.2!3.56/55-713.20 49.7|1.8% 
4 X3 Xs 7-93! 107.9|3.70|32.0/3.37)15-1/1.38 6 X32XB |12.84|174.1|3.69|52.0/3.35 61.6)2.16 
4 X3 X§% | 8.71)112.8)3.60/35.8/3.15)18.2/1.44 6 X32Xz |15-00)186.3|3.52/62.1|3.00 82.0/2.3. 
5 X3 Xe] 8.55)113-813.64/36.313.13/28.7/1.82 6 X4 XF |15.50)186.3/3.52/61.5|3.03 82.5|2.3 

5 X3_ Xz | 9-47)119.0|3.55|40.9|2.91/34.4) 1.92 
5 X32 Xs] 8.87/113.9]3.58136.4|3.13|/28.8)1.80l14 Xe 14 X3 X¥ |10.21/196.5/4.39]47-8/4.11 18.6]1.3 
5 X32X# | 9.85/119.0]3.47|40.9]2.92134.6| 1-88 5 X3_ Xs 10.97|207.4|4.34|54.1/3.83)35-1|1-7! 
5 a: 5 X32XF |11.35/207.5/4.28/54.4)3.81/35.3|1.7 
I2X$§ 13. X23 Xx6| 7-74/114.3/3-84/29.3|3.91| 6.9] .95 6 X32XF |12.09'216.6)4.23/60.5/3.59/59.6|2.2 
32X25 Xze| 8.06/118.5/3.83)31.4|3.77|/ 10.6] 1.16 6 X4 X# |12.47|216.7/4.16|60.5/3.59]59.6/2.1 

4 X3 XzP5|_ 8.68)122.7/3.76/34.0]3.61115.5]1.34 
4 X3 XF |/ 9.46)128.4/3.68/38.0/3.38/18.6]1.40114XF 14 X3 XF |13.50/258.2|4.37/62.2/4.16/26.4| 1.41 
5 X3 XzPel 9-30/129.913.74|38.4/3.38/29.211.77 5 X3 Xs |14.50/273.3/4.34/70.1/3.89]48.9]1.8 
5 X3. X# |10.22/135.8/3.64/43.213.14/35.1/ 1.86 5 X3aXF |15.00)273.514.27|70:8]3.87/49.2/1.8 
5 X33 Xe] 9.62/129.5]3.80|38.4|3.37/29.4|1.75 6 X3zXs 113-84/265.7|4.38]65.3]4.07/61.6|2.1 
5 X3aXF |10.60]135.8/3.58)43.1/3.15|35.3/1-82 6 X3zXF |16.00)285.3/4.22|/78.3/3.64/82.0|2.2 
6 X32X% |11.34]141.8]3.54/47.9|2.96|59.6|2.30 6 X4 XF |16.50|285.0/4.16]78.1/3.65|/82.5|2.2 

6 X4 X# |11.72]145.0|3.52/48.7|2.98|59.6|2.26 
; 16X$ |5 X33XF |12.10/299.6|4.98|66.4| 4.52/35.3|1-7 
12Xqe6l4 X3 Xg|10.99/149.1|3.68]45.1/3.31/22.3|1.42 6 X3aXs |12.84/312 614.94/73.3/4.27/59.7/2.1 
5X3. X% |10.97/150.013.69|44.813.35135.8|1.81 6 X3zXz |15-00,334-.7/4 72/88.1/3.80|80.0/2.3 

5 X32XF |1T.35/151.5/3-65/45-2/3.35/35.9|1-78 
5 X33 Xe] 12.34/157-1/3-571/49-6/3.17|42.0|1.85|16X4 |6 X34X2 |14.84/382.5|5.09]79.5|4.81161.6|2.0 
6 X32X¢ |12.09|158.4|3.62]50.2]3.16]60.6|2.24 6 X34X Te 15-94/399-0]5.03/87.5/4.55|71.9|2.1 
6 X34 Xqs|13-19|164.3|3.52|55.0)2.99|70.6|2.31 6 X3zXs |17.00/412.4|4.92195.5/4.32/82.0/2.1 
6 X4 X7e,13.61/164.4)3.48]54.8]3.00 70.6|2.28 6 X4 Xz {17-50 412.1/4.85/95.6]4.31/82.512.1 


Note: Section modulus, Sa, is given for top fiber. 
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Properties of 
Two Angles 
and 
One Cover Plate. 
Angles Turned Out. 


TABLE 78. 


PROPERTIES OF TOP CHORD SECTIONS. 


Short Legs Against 


Plate, and Turned Out. 
Edges of Angles Flush 
with Edges of Plate. 
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ies Series 1 Series 2. 
asf? ; Axis AA Axis B-B. Axis A-A. Axis B-B. 
G 8 g a |%¢ mies alee 3 g glee 4 f ; 
8 fa) He ofl438 3 a4 on es) ae 6a a4 J 2.8 Sa 
f| 4 |g | £5 |23/Ss8| | 25/238) 2 | a | £5] 23 |S3e| 8 | £5| se 
ws S| 2 | se (yeiges! ¢| s4i3e) 3 8 | SS /SE Ses] B | ss] Sb 
g & | ay 126 728 8 | a8 | ad 8 & | Ag | ad AB 5 | ay] ad 

oe a wn 

e A Ta ig Sa e Iz TB A LN TA Sa e Ip TB 
In. In. Tn25) Int >) In| Int! | Tn, | Iné || In: In. In?) In4-)) In. |) Int) In. |) Int 3) Ine 
1oxz |3x23x3 | 5.12} 3.7 | .86] 5.8] .40] 48.5|3.08 }3x23x2 | 6.34] 5.1] .c0| 6.6] .53 | 62.5] 3.14 
4x3 xt | 5.88) 8.2 |1.18| 9.0| .66| 49.0/2.89 |4x3 x | 7.46] 11.2]1.23]10.6| .81 | 63.0] 2.91 
1OXz5]3x23x% | 5.74| 4.0 | .84| 6.3] .33| 53-7/3.05 |3x24x3 | 6.96] 5.6] .90| 7.3] .46| 67.7] 3.12 
4x3 x4 | 6.50) 8.7 |1.16|10.0| .57| 54.2/2.89 |4x3 xg | 8.08] I1.9]1.22] 11.5] .73 | 68.2] 2.90 
12x |3x23xi | 5.62) 3.9 | .83| 6.4] .36| 82.8/3.84|3x24x% | 6.84] 5.3] .89| 7.4] .48|106.2| 3.94 
4x3 xi | 6.38] 8.5 |1.16|10.2| .60| 86.1/3.67|4x3 x} | 7.96) 11.6]1.21| 11.7] .75 |110.7| 3.73 
5x3eX76| 8.12] 18.8 |1.52| 15.5] .96| 98.6/3.48 |5x35X76|/10.06| 24.3/1.56 | 17.9 |I.11 |124.0] 3.51 
12X79|3x23xt | 6.37| 4.1 | 80} 6.9] .28| 91.8]3.79|3x2axe | 7-59] 5.7] .87| 8.0] .41 |115.2| 3.89 
4x3 xi | 7.13) 0.1 |1.13| 11.1| .51| 95-1|3-65 |4x3x § | 8-71] 12.4|1-19| 12.7] .66 |119.7/-3.71 
5x33x7%| 8.87| 19.8 |1.49|17.1| .85 |107-6/3.48 |5x39X76|10.81| 25.6]1.54 | 19.4 |I.01 |133.0] 3.51 
12x$ |3x24x% | 7.12] 4.4 | .79| 7.5| .22|100.8]3.7613x25x% | 8.34] 6.1] 86] 8.6] .34 |124.2] 3.86 
4x3 xt | 7.88] 9.5 |1.10| 11.9| .43 |104.1|3.64 |4x3 xg | 9.46] 13.0|1.18| 13.8] .58 |128.7] 3.69 
5x34xz%5| 9-62] 20.8 |1.47| 18.4] .76 |116.6/3.48 }5x33x76|11-56| 26.91.53 | 20.7] .92 |142.0| 3.50 
14x |3x2}x3 | 6.12] 4.0 | 81] 7.0] .32|128.4/4.58 |3x2ax8 | 7-34] 5.5] .87| 8.1] .44 |163.5| 4.72 
4x3x 4 | 6.88] 8.8 |1.13| 11.0] .55 |135.9]4.45 [4x3 xg | 8.46] 12.0|1.19| 12.7] .70 [174.3] 4.54 
5x34x7%5| 8.62] 19.3 |1.50|17.0| .89 |159-1/4.30 |5x33X76|10-56) 25.0/1.54 | 19.2 |1.05 |199.8) 4.35 
6x4 x2 |10.72] 37.1 |1.86| 24.4 |1.27 |179.1|4.09 |6x4. x3 |13.00| 46.2|1.88 | 27.7 |1.42 220.9] 4.12 
14xzs13x23xi | 6.99] 4.2 | .78| 7.7] .24|142.7/4.52 |3x29x8 | 8.21| 5.9] 85] 8.7] .37 [177-7] 4-65 
4x3 Xi | 7-75) 9.3 |I.I1| 12.3] .45 |150.2|4.40 4x3 x3 9-33] 12.8]1.17| 13.9] .61 |188.6 4.49 
5X33Xi5| 9-49] 20.4 |1.47| 18.7| .78 |173-4|4-27 [5x32X76| 11-43) 26.4/1.52 | 20.9| .95 |214.1| 4.33 
6x4 x |11.59| 39.0 |1.83 | 26.7 |1.15 |193-4/4.08 ]6x4 xz |13.87| 48.6/1.87 | 30.0 |1.31 |235-1| 4.11 
T4xe-|gx25x4 | 7-87) 4.5 | -76| 8.2,| .18|157-0|4.47 3x2ix2 9.09] 6.3] .83] 9.4] .30]192.0] 4.59 
4x3 xi | 8.63] 10.2 |1.07| 13.1| -37 |164-5/4.37 [4x3 XB [10.21] 13.5/1.15] 14.8] .53 |202.9) 4.46 
5x34x7%5|10.37| 21.4 |1.44| 20.2 | .69 |187-7|4.25 |5X32X76,12-31| 27.6/1.50| 22.4| .86 228.4) 4.31 
6x4 x |12.47| 40.8 |1.81 | 28.7 |1.04 |207.7|4.08 |6x4. x3 |14-75) 50.8)/1.85 | 32.0 |1.22 |249.5) 4.11 
16x} |4x3 xi | 7.38| 9.0 |1.10| 12.0] .50|199.5/5.20|4x3 xg | 8.96) 12.3]1.18| 13.8] .65 |254.8) 5.33 
5x34xz5| 9-12] 19.8 |1.47| 18.2| -84 |236.8)5.09 |5x32x76|11.06| 25.7/1.52 | 20.6 |1.00 |296.9) 5.18 
6x4 x$ |11.22] 38.0 |1.84 | 26.2 |1.20 |271.3|4.91 [6x4 x2 [13-50] 47.4|1.87 | 27-4 |1.36 1334.4 4-98 
16x75|4x3 xz | 8.38] 9.5 |1.07| 13.2] .41 |220.9/5.13 4X3 X8 9.96| 13.1|1.15 | 15.1] .56 |276.2| 5.27 
fae 10.12| 20.9 |1.44| 20.1] .73 |258.1/5.05 5X32%716 12.06] 27.1|1.50| 22.6] .89 |318.2| 5.14 
6x4 x$ |12.22| 42.0 |1.81 | 28.8 |1.08 |292.7|4.90 [6x4 X23 [14.50] 49.9)1.85 | 32.0 |1.25 |355-7| 4.95 
16x |ox34xz5|11.12| 21.9 |1.40| 21.8} .63 |279.4/5.02 5x33x 16 13.06] 28.5/1.48 | 24.4| .80 |339.6] 5.10 
6x4 x2 |13.22| 41.9 |1.78| 31.0] .98 |314.0/4.87 |6x4 x2 |15.50) 52.2/1.83 | 34.3 |I.15 |377-0| 4-93 
8x6 xq'5|17.86|106.0 |2.44 | 54.7 [1.56 |307-8,4.15 [8x6 xz@|21.12/129.6|2.48 | 61.4 |1.74 361.3] 4.13 
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TABLE 79. 


PROPERTIES OF Tor CHORD SECTIONS. 


a 
aa 
Properties of We : 
Two Angles ale Tope a Piste mala tae 
One pee Plate Backs of Angles Flush 
Knoles Duried In. with Edges of Plate. 
. |B 
Caries Series I. Series 2. 
cee Axis A~A. Axis B-B Axis A-A. Axis B-B. 
: a ; 3 
: 3 d Pal eater meelli a aires is} e a erent i oi) “gars 
Ay S| ef |2s lest) 3] e8|es B | es eelsst) S| es] os 
eo] See 1 Se Sh lgeel g So) 5h) 8 | 8 | Sel aeigee) Fea 
6 ® G& | By [eG \PS8) 6 | ae lad ® | Se /Ad|PSS) 5 | ae! xo 
o fo} 
S a 2 os ray es 
we A Ta Ta Sa e Iz tg A I, TA Sa ie Ip Tp 
In In Tn?) In? Ine) Int | In.) In | in In In? ||) In) Inj, Insane ele en 
8xd |3x23x4 | 4.62} 3.6 J0.88| 5.1] .46| 41.4/2.99 |3x23x2 | 5.84] 4.9] .or| 5-8] .59| 54.3] 3.05 
“4x3 xk | 5.38) 7.9 |1-21| 8.1] .73| 49-4|/3.03 [4x3 x¥ | 6.96| 10.81.25] 9.6| .88 oe.) 3 
8x75|3X23%2 | 5-12] 3.9 0.87] 5.6] .39| 44.02.93 |3x29x8 | 6.34] 5.3] 91) 6.4] .52| 57.0] 3.00 
“  14x3 xt | 5.88) 8.4 |1.20] 8.7] .65] 52.1/2.98 |4x3 x$ | 7-46] 11.4|1.24]| 10.3] .80| 68.6] 3.03 
rox} |3x23x% | 5.12| 3.8 |o.86| 5.8] .41| 71.7/3.74 |3x23x2 | 6.34]. 5.2] .9¢0| 6.6] .53] 93.6) 3.84 
“ 14x3 xz-| 5-88] 8-4 |1.19| 9.2] .66| 85.0]3.80 4x3 x$ | 7.46] 11.3/1.23 | 10.6] .81 |113.0] 3.89 
“ |[5x32x76) 7-62) 18.1 |1.54 | 14.11.03 |114.9/3.88 |5x32x76] 9.56] 23.5/1.57 | 16.5 |1.17 |147-9| 3.93 
“ 16x4 x$ | 9.72! 34.9 |1.89 | 21.0|1.41 |149.6/3.92 ]6x4 xX} |12.00] 43.7|/1.91 | 24.3 |1.55 |186.1| 3.94 
10X7513x24xi | 5.74] 4.1 |0.83| 6.2] .33] 76.9]3.66 |3x23x2 | 6.96] 5.6] .c0| 7.3] .46}| 98.8] 3.76 
“ 14x3 xt | 6.50] 8.8 |1.16] 10.0] .57]| 90.2]3.72 14x3 x$ | 8.08] 12.0/1.22] 11.5] .73 |118.2| 3.82 
“  15x32Xa6| 8-24) 19.2 |1.53| 15-5 | .93 |120.1/3.82 |5x33xz5|/10.18] 24.7/1.56 | 17.8 |1.08 |153.2] 3:88 
“ 16x4 x§ |10.34} 36.7 |1.88 | 22.6 ]1.31 |154.9/3.87 16x4 x3 |12.62] 45.6/1.90| 25.8 |1.46 |191.3| 3.89 
1Ox§ 3X29%4 6.37; 4.2 |0.81] 6.6] .26] 82.113.5913x23x$ | 7.59] 5.9] .88] 7.7] .39 |104.0] 3.70 
4X3 X4 | 7-13) 9.3 |1-14 10.6] .49| 95-4|3.6614x3 xg | 8.71] 12.6/1.20] 12.2] .66 |123.4| 3.76 
15X32X7¢| 8.87] 22.0 1.50] 16.5 | .84 |125.4/3.76 |5x34x7%5|10.81] 25.9]1654 | 18.8 |1.00 |158.4| 3.83 
“ |6x4 x3 |10.97| 38.2 |1.87 | 24.0 |1.21 |160.0]3.82 [6x4 x5 [13.25] 47.51.89 | 27.3 |1.37 |196.5| 3.85 
12xz |4x3 xt | 6.38] 8.6 |1.16| 10.2] .60/132.3/4.55 |4x3 x3 | 7.96] 11.7|1.21| 11.7] .75 |175.0] 4.69 
“" 15x33Xa%¢| 8.12) 18.8 |1.52] 15.5] .96|177.8/4.68 |ox34x7%|10.06] 24.3/1.56 | 17.9 |1.11 |228.4| 4.76 
“ “16x4. x$ |10.22] 36.0 |1.88 | 22.8 |1.33 |230.6/4.76 [6x4 x} |12.50| 45.0|1.90 | 26.0|1.48 |287.0] 4.79 
12x75|4x3 xt | 7-13] 9.1 |1.13 | II.E| .51]141.3]4.45 |4x3 x2 | 8.71| 12.4/1.19| 12.7] .66 |184.0] 4.60 
“ 15x33X7%| 8.87] 19.8 |1.49| 17.1] .85 |186.8/4.59 |5x34x75/10.81| 25.6]1.54 |-19.4 |1.01 |237.6] 4.69 
“ 16x4 x$ |10.97| 37.9 |1.86| 24.8 |1.22 |239.6]4.67 [6x4 xd |13.25| 47.2/1.89 | 27.9 |1.38 |296.0] 4.73 
12x53 4x3 xz | 7.88] 9.5 [1.10] 11.9] .43 |150.3]4.37 |4x3 x2 | 9.46] 13.1/1.18 | 13.8.) .58 |193.0] 4.52 
5xX32X76| 9-62} 20.8 |1.47| 18.4] .76|195.8]4.51 |5x34xz6/11.56| 26.9|1.53 | 20.7] .92 |246.6] 4.62 
“ \6x4. x$ |11.72| 39.6 11.84 | 26.4 |1.12 |248.6)4.61 |6x4 xd |14.00| 49.2/1.87 | 29.6 |1.29 |305.0]| 4.67 
14x% [4x3 xz | 6.88) 8.8 |1.13] 11.0] .55 |192.4]5.29 |4x3 x3 | 8.46] 12.0/1.19| 12.7] .70 1252.9] 5.47 
“ 15x32%76| 8-62] 19.3 |1.50| 17.0] .89 |257.0|5.46 15x35x7@/10.56| 25.0/1.54 | 19.2 |1.05 |328.9| 5.58 
“ 16x4. x$ |10.72} 37.1 |1.86) 24.4 |1.27 |332.2/5.56 |6x4 xd ]13.00| 46.2/1.88 | 27.7 |1.42 |412.9] 5.63 
14x75 4x3 XE 7.75| 9.3 |I-I1] 12.3] .45 |206.7|/5.16|4x3 x | 9.33] 12.8]1.17| 13.9] .6r |267.2] 5.34 
" 523276 9-49] 20.4 |1.47| 18.7] .78 |271.3|5.34 |5X3oX76|11-43] 26.4/1.52 | 20.9| .95 1343.1) 5.48 
6x4 X§ |11.59] 39.0 [1.83 | 26.7 |1.15 |346.415.46 [6x4 x} |13.87| 48.6]1.87 | 30.0 |1.31 1427.2] 5.54 
14x5 4x3 XE 8.63] 9.9 |1.07] 13.1] .37 |221.0]5.06 |4x3 x$ |10.21] 13.5/1.15 | 14.8] .53 |281.5| 5.25 
© |5X32%16|/10-37| 21.4 /1-44 | 20.2 69 |285.5|5.24 |5x35Xz6/12.31| 27.6|1.50| 22.4] .86 |357.4| 5.39 
6x4 X% |12.47| 40.8 |1.81 | 28.9 |1.04 |360.6/5.38 ]6x4 xd |14.75| 50 8]1.85 | 32.0 |1.22 |441.4| 5.47 
“ 18x6 xq'6/17-11|103.7 |2.46 | 51.6 |1.64 |489.7/5.35 |8x6 x3%|20.37|126.7|2.49 | 58 I [1.81 |$91.2] 5.40 


TABLE 80. 


PROPERTIES OF Top CHORD SECTIONS. 


oS Long Legs Turned Out. 


Top of Web Plate 4” 
= Ey saree As Below Backs of Angles. 


Series t and 2. Series”2. 


Axis A-A. 


Size of Angles. 
Size of Top Plate. 
Moment 
of Inertia, 
Radius of 
Gyration. 
Section 
Modulus, 
Upper Fiber. 
Centroid. 
Moment 
of Inertia. 
Radius of 
Gyration. 
Size of Top Plate. 
Moment 
of Inertia. 
Radius of 
Gyration. 
Section 
Modulus, 
Upper Fiber. 
| B | © | Centroid. 
Moment 
of Inertia 
Radius of 
Gyration. 


Size of Web Plate. 
> | Total Area. 
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die 
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2.50|12x5 
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TABLE 81. 


PROPERTIES OF Tor CHORD SECTIONS. 


Properties of Angle Legs Turned Out. 
Two Angles, ¥ 5 Edges of Angles Flush 
Two Web Plates ie ie with Edges of Top Plate. 

and Web Plates }’’ Below 
One Cover Plate. Backs of Angles. 


Series 1 and 2. Series 1. 
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Size of Angles. 
Total Area. 
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Radius of 
Gyration. 
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Modulus, 
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Radius of 
Gyration. 
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Moment 
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Radius of 
Gyration. 
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TABLE 82. 


PROPERTIES OF Top CHORD SECTIONS. 


— 
Properties ee Two Channels 
of * : an 
Top Chord Sections. i One Plate. 
ve 
Channels. es Moms of rest ot ie Gages. 
eel eee) nen | Cover Sten Total a. 
Sec P as . “| Axi Axi Axi Axi Chan- 
poe, 3 S Me exe resrag (pss rere ae yi Gi he 
De A 5 b e Lin Iz Ta TR g& h 
In Lb In In In.? In. In.4 Int In In In In 
I Ce NOSOmO aul 3-4 50000-8001 23.0) | 34.7 || 2.01 se2t42 a On Nata 
2 EGaeme Swiey|) sgeyie'|| Prowl Aeeecp | Custos || ay tee |p zs 
3 TOR pa este ye O.4041 6.031.215") | 67:6] 1:99) || 3.25 a 
4 topeyay| FOGAEL LOM 2 7.0 I 7260) al -OOm ms 22 alice s 
5 P27 eH O:90)| WE.04N | 265) (eTrs eel eT.O0) | T4Or neTO) up 
6 12 xXaee @OS | 1-30 | 28.3 | 122.5] 1.92 | 4.00) “ # 
Bi 5 | 9.00] 8X2 38 7,30) | 01720) 27.8) || 30.9), Tks} 29344 6 Iv 
8 8X is 4 TSO) 1OLSAu| 29:78 |) 42260 aLO5e | 12233 - 
9 1OX4 58 7.80 | 0.84 | 29.5 7Os7 4) 91c951 3020 8 5 
10 10Xt6¢ 8.43 | 0.99 | 31.7 | 84.9] 1-94 | 3-17 . 
II Le Mae S230) (0.95) |) 3 1:0) || 135.0 1.03en 4 O4un LO 
12 TORS) OS GWory |) whitey /) Sitec || aeigid || eeope || aytsioy |] 4 
13 Gunes OO MO elects | 7226.| 1.08 | 42:0 | 73:1 2-41 | 3.17, 2 ers 
14 1oXg6| “ | 7-89) 1.25 | 44.8 | 78.3 | 2.38 | 3.15 |] “| & 
15 Pay e770) e218 44.0 |124.0)|| 2.38 4-00 s 
16 TOD ars|| ee Sgie ||| siggke) |) LO) || Teieh|| Beis. | seers v7 _ 
1g MA GrolmOe AIO 4e| TSI) | 48-7) | 204-9) 2.300 4.74 WaT s : 
18 WA Gra eee | LOOT | .67) ||| 51.3" |-210.2 || 226" | Ar67 es 
19 6 |10.50/10X2 | st | 8.68] 0.90 | 47.6 | 83.1] 2.34 | 3.09 2) It 
20 TOXG | A OT LCOy | 50:9) GS-3) | e2-G4ie 3.08 4 Z 
21 C27 O-18 |) 1:02, |) 50:0) ):143.0' | (2:33, 3.05 98 a 
22 ia s<ara| GQOgN eT LOM 95365 u | E5 2:0 23205605 : s 
23 TAD Grg Or MLOs5O0l 1080s 1055.8) 235-7 | 2-300 led 73 ae 
24 UA eet | eeteA say 1.47. || 8.0) | 250:3) 1} 2-274 |) 14.68 
25 TN O75 |LOo< ||) Ga 8.20 | I.1L aie || Coy | OAPI aie 3 Tk 
26 TO Xa rl ae BUSS |) aiegtoy || Cowal) Sigs || Pesto ||) sare) 
27 io) eae Se 701) 25) | (68.0) 137.8 || 2.80") 23.97 94 r 
28 nase) OPAralre can a72- 60 || TAO. Tae. 77 ler g).03 ae 
29 14Xz6| 94 | 10.08 | 1.59 | 75.3 | 225.8) 2.73 | 4.73 | Trg | © 
30 A OL OLOG | le7/70 79.38 || 2401 22.00", || 24.08 
31 7 \12.25|10X4 | 5% | 9.70| 0.93 | 72.8 | 92.1 | 2.74 | 3.08 | 7% Tis 
32 NOV Gr Mn RIO seal Tel 77-56 97-3 ul 2740 23:07 ah 
33 TT Tae | 1O:201) f.O7 | 76.2 | 159.1 || 2.73, | 3295 oe | © 
34. Cee AC ETOLOS a ze iOt.Ay | LOS | 2.73 51 3.92 ar ae 
35 14X76] 9 | 11-58 | 1.38 | 84.8 | 260.7] 2.71 | 4.74 | 11a | © 
36 1 Geom T2e4 Ca) adc eee SOs88 | 275.0) ||| 2.69) || <4. 70 
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TABLE 82.—Continued. 
PROPERTIES OF Top CHORD SECTIONS. 


Properties tt ba Two Channels 


fe) eee ae an 
Top Chord Sections. One Plate. 


; Moments of | Radii of Gyra- 
Channels. BtoB Inertia. tion. Gages. 


Cover os i Axi Axi i 
Pinte, |r| an | Bop. | ATA | Bp. | Plate. | Chan 


b ‘ Ip Ta 


In. 


3-19 
3.16 
Bai 
3.08 


Propertics 


fe) 
Top Chord Sections. 


30.00 


15 [33.00 


15 [35.00 


15 |40.00 


15 |45.00 


TABLE 82.—Continued. 
PROPERTIES OF Top CHORD SECTIONS. 


Two Se agee 


an 
One Plate. 
: ii of : 
Se | Be ed ca 
Total ticity. i ales Axi Ch ey Max. 
Area. rae eo nerd BB. Plate. aa Soe Rivet. 
e I, Ip rx TB gz h 
In2 In. Int In In. In. In. In. In. In. 
18.06 | 2.06 | 409.8] 485.8] 4.76 | 5.19 |° 13 | 132] .28 | 
19:06:11" 2°28 | 427-6)| 507.1) 4-741 5-160)) & ss - es 
TO:OUM 220 422-4) 602.0 eA. 73 |) 0.00N) ers of cs ss 
19.94 | 2.46 | 440.6] 712.4| 4.70 | 5.98 | “ | % | & | Ut. 
20:95 (2.02 91) 4162) 5 OS Zen Ne 4-000 ln O70 aly, y se 
22.06 | 2.83 | 469.8] 999.1] 4.61 | 6.73 Hs “ % = 
20:70) 1.79 | 451.4 550.0 44.67 | 5:16 |. 13) free |egon lt 
QT fOnle2-OL g047T.6.| 570.3) l'a4 OOM! eho mimes ss ss > 
20-45 NetsO 54 OS. 1774.0) ed OOM O:O0 alin dis * ei 
22.58 \e2287 1 480.5 | 805.2) |) 4.04.1| 5.08) es - ¢ 
23-45 | 2.32 | 500.3 |1084.7| 4.62 | 6.80 | 17 gs ss ¥ 
ZARTO) 2255 065 20-5 )|LE20.3 |e 4ahO ue Os7 5mm) one . se 
23.04 "1.57 -| A04.0)) O1L.4\4458 || 5.08) 1-3) a2 ait 3 
ZAROAM MRT 7 alwh 1709) \O32.7 4.58 | 5.06 ey 36 . i 
24°30) (e070 | STO.T |RSOS-7 4-57 15-90 15 3 - : 
25.52 | 1.92 | 534.1] 896.0] 4.58 | 5.93 y ¢ 
26.39 | 2.06 | 549.8 |1211.1| 4.56 | 6.78 | 17 - : ve 
ZTOs aed GOTONT252 <7 (Aho nie On78 ¢ S c 
26.55 | 1.96 | 922.8] 936.7] 5.90 | 5.94 | 15 | 238 | -.40 & 
27.68 | 2.20 | 961.0] 967.0] 5.89 | 5.91 $ at = ; 
ZSe5 Seg Ol O86-7,\1FO7.0 5-860 (0.700 pean) mee i : 
29.80 | 2.60 |1024.5 |1348.7| 5.86 | 6.72 | “ if . i 
BO: SONmeze 777) §|LOSO.2)| 17 Ol.m |s oA alias ON Nel) ee $3 - 
27.08 03.00 -|TO8s,5 |£816.5 | 5.800 7.50) 4 3 
27.33 |. 1.90 | 940.5| 965-7| 5.87 | 5.95 | 15 | 236 | 43 | & 
28.46 | 2.14 | 979.7] 996.0] 5.87 | 5.92 2 r 
29-33 | 2.30 |1005.6]1346.7| 5.86 | 6.78 | 17 | © 2 :. 
30.58 | 2.53 |1044.4 1388.3] 5-84 | 6.74 | “ i y 
31.58 | 2.70 |1070.8 |1811.7|- 5.82 | 7.58 | Ig | “ i 
32.96 | 2.92 |1107.9 |1867.1| 5.79 | 7.52 ey cs LG 
30.27 | 1.71 |1005.1|1039.3| 5.76 | 5.86 15 216 52 3 
31.40 | 1.94 |1047.0]1069.6| 5.77 | 5.84 g . Fs 
B22 72.00) LO 74.8) LAGS IeS.7i7 OZ Te 17: i i 
83252) 2.30 |E1I6.7 |1495.11 15.77 || 76.68 oe a - 
34.52 | 2.47 |1145.4|1956.5| §.76 | 7.52 | 19 | “ | | OU 
35-90 | 2.68 |1186.2 |2011.9| 5.75 | 7.48 
33.23 | 1.56 |1068.2|1127.9| 5.67 | 5.82 | 15 28 62 z 
34.36 | 1.77 |1112.0|1158.2| 5.69 | 5.81 | “ ¥ - E. 
35.23 |.1.92 |1141.9|1577.3| 5.69 | 6.69°| 17 z i a 
36.48 | 2.12 |1186.4|1618.9} 5.70 | 6.66 = ee oi i 
7.48 | 2.28 |1217.2 |2120.7| 5.70 | 7.52 19 X % is 
38.86 | 2.48 |1260.6|2176.1| 5.70 | 7.48 ie 
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TABLE 83. 


PROPERTIES OF Tor CHORD SECTIONS. 


Properties of 
Highway Bridge 
Top Chord Sections. 


Four Angles 
and 


Three Plates. 


Plates. Angles. ; eee = | eo al 
= Gross Area.| Eccen- = : | : : 
Beckton tricity-| Axis | Axis ; Axis | Axis 
Number. Web. Cover. Top. Bottom. tases B28 AS eee 
A e I, Ip Ta Tp 
Inches. Inches. Inches. Inches. Inches?. | Inches.) Inches*.|/Inches*.| Inches. | Inches. 
12” X 14” Section. A Series. ; 

*] 12xq =| 14/xp5” |25x25x75 | 24x2dxy, | 16.26 1.66: |. 359 se350, Ul 270ml aos 
2 lie = % i 17.76 | 1.52 | 381 | 378 | 4.63 | 4.61 
3 els i 5 cf 19.26 | 1.40 | 402 | 404 | 4.57 | 4:58 
4 ae < * 20.76 | 1:30") 423° |) 420°) asee tae 
5 ea ce 2 se 22:26 | 1.21 | 443. 1 463) || ed Omlmeee 
6 eae He cS cs 23.76 | 1.14 | 463 || 476 || 4.ax | 448 
7 eke - ~ ie 25.26 | 1.07 | 483 | 498 | 4.37 | 4.44 
*8 12x¢ 14x76 22X29X16 29X29X$ 16.80 1.4§ | 384212367 -|| ae78" | aee7 
9 tas 3 * i. 18.90 1-33 408 394 +70 4.63 

10 aoe 3 ¥ : 19.80 1.23. | 425 |eA2Org| qeOomn ede 
11 cae 21.30 | 1.14 | 445 | 445 | 4.57 | 457 
12 5 ¥ s ss 22.80 1.07 | 465" | 460 =|Parn2e leaena! 
13 Sa fs sé 24.302 |1.00 | 486 \\4025| b4od 7m edano 
14 “3 : : 3 25.80 | 0.94 | 504 | 514 | 4.42 | 4.47 
*I5 12x4 14xqs »|24x24xy5 | 23x2kxq5 | 17.32 E265 4050: (938 35a h ea Soul ede 
16 16 2 ‘ a 18.82 1.16 | 428 ‘| 410 | 4.75 | 4.66 
17 es * MS fe 20.32 | 1.06 | 445 1436 | 4.68 | 4x63 
18 SG s ss ss 21.82 0.99 | 465 | 461 | 4.61 | 4.59 
19 ae ‘ sf ss Dike 0.93 | 484 | 485 | 4.55 | 4.56 
20 See ie sé 24.82 0.87 | 503 508 | 4.50 | 4.52 
21 aA * e oo 26.32 0.825) 522. | e530. | ead) eae 
*22 12x 14x76 23X29X76 22X29X9 17 82 1:07 | 420 8)" so8uq| eSouleqaze 
23 wis i : i, 19.32 0.99 444 A25 | alzomied se 
24 3 20.82 0.92 | 463 Vast | a7 leon 
25 ae 3 s ig a 22.32 | 0.86 | 483 | 476 | 4.65 | 4.62 
26 Get g - ss 23.82 0.80 | 502 | 500 | 4.59 | 4.58 
27 feu s . ie 25.32 | 0.75 | 521 | 523 | 4.54 | 4.55 
28 3 * ss s 26.82 .| 0.71 | 540-1 G45 Sica.4o Peaeoe 
720 12x¢ 14X75 22X23%16 22X22X76 18.32 O.91 |e 442. |“ 4ia “| e4cor | e4n7e 
30 16 ; . rh 19.82 0.84 | 461 44 4.82 47 
31 ies ‘ 21.32 | 0.78 | 480 | 467 | 4.74 | 468 
32 nae ss a ~ 22.82  |°0.73 | 499° | 402) 4:07 ‘leatOn 
33 ae. ie oe 24:32 | 0,68.) 518-1 °e 16 alea.6m leaioe 
34 "16 . 2 A 25.82 | 0.64 | 536 | 539 | 4.56 | 4.56 
35 8 27.32 | 0.64 | 555 | 56r | 4.51 | 4.53 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 83.—Continued. 
PROPERTIES OF Top CHORD SECTIONS. 


Properties of 
Highway Bridge 
Top Chord Sections. 


Four aw 


an 
Three Plates. 


Moments of Radii of Gyra- 


Plates. Angles. Tnertin ee 
— Gross Area.| Eccen- 
Section tricity.) Axis | Axis | Axis | Axis 
—A. —B. —A. B-B. 
Number. Web. Cover. Top. Bottom. A-A B-B A-A. 
A e I A Iz TA Tp 


Inches. Inches. Inches. Inches. Inches?, | Inches. |Inches‘.| Inches‘. 
12” X 14” Section. B Series. 

*36 12x} T4Xzs | 23x2dxp5 | 3x23x7% 16.58 1.52 | 377 | 3689) 4.77 4-70 
37 we: eS - is 18.08 | 1.39 | 398 | 395 | 4-69 | 4.67 
38 has “4 ae < 19.58 1.28 |AIO) 420) 4662) \eAkon 
39 “5 s % —§ 21.08 T.19) ||-439) | 446") 4356) eALGo 
40 es * 4 22.58 mee |) ZU a) Leto) 4) Hisgan | Helo 
41 “2s . 24.08 | 1.04 | 479 | 493 | 4.46 | 4.52 
42 3 “3 i He 25.58 | 0.98 | 498 | 515 | 4.41 | 4.49 
*43 12x 14xzg | 23X29x75 | 3X25x3 17.18 | 1.29 | 403 | 387 | 4.84 | 4.74 
44 “ 3 ef ¥ si 18.68 1-18) 5423) Ara Aeon ea 0 
45 “3 e ee : 20.18 1.09 | 443 440 | 4.69 | 4.67 
46 “a sf = es 21.68 |) 1.02} 463) 465 i642 a leAro3 
47 ot 3 <* i: 23.18 | 0.95 | 482 | 489 | 4.56 | 4.59 
48 “ss gs . 24.68 0.90 | sor rises aia eh Yast 
49 “8 fs a oe 26.18 O:85" \ee20) | Ra4 eA Ome ane 
*co 12x} 14x75 | 2hx24x3 | 3x23x75 | 17.76 1.07 |) 427 | 406) Algo 4078 
5 4, 4X76 ga2 SAUD Woe: 6 i ieee Sr eee 
iat “ = “6 “ ‘ 19.2 0.99 AS 

52 ee i: ie a 20.76 | 0.92 | 465 | 459 | 4.73 | 4-70 
53 “ sé es s 22.26 0.86 | 485 | 484 | 4.67 | 4.66 
54 “eg gs es a 23.76 0.80 | 504 | 508 | 4.60 | 4.62 
55 Mics ff vi : 25.26 | 0.75 | 523 | 531 | 4.55 | 4.58 
56 Ay . 55 > 26.76 | 0.71 | 54r | 553 | 4.50 | 4.54 
57 12x} 14xp; | 2bxodxys | 3x25x5 18.32 0.88 | 447 | 424 | 4.94 | 4.81 
58 “ 5 se se ee 19.82 0.82, || 406 | AS 4 OS eed) 
59 sae | ad < - 21.32 :| 0.76 | 485° | 477 | 4:77 |°4.73 
60 «an ee G3 ae 22.82 O:7 El) 504 |) O25 AON eed 69 
61 “we ce ig & 24.32 0:67 || 522 E26 sie dcO3n less 
62 “> és “ a 25.82 | 0.63 | 541 | 549 | 4.57 | 4.61 
63 < § s ¥ ss 27.32 | 0.59 | 560 | 571 | 4.52 | 4.57 
*6, 12x 14x¢5 | 23x24x75 | 3x29x7 18.88 | 0.71 | 466 | 443 | 4.97 | 4.84 
Be ie s. oe ides ie 20.38 | 0.66 | 485 | 470 | 4.88 | 4.80 
66 es ts es eS 21.88 0.61 | 504 | 496 | 4.80 | 4.76 
67 « s S cs 23.38 | 0.57 | 522 | 521 | 4.73 | 4.72 
68 om : ed * 24.88 | 0.54 | 541 | 545 | 4.66 | 4.68 
69 C72 OG a ss 26.38 O.51 | 5594) SOS | 4.60 1 4b64 
70 os # os : 27.88 | 0.48 | 578 | 590 | 4.55 | 4.60 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 83.—Continued. 


PROPERTIES OF Top CHORD SECTIONS. 


Properties of 
Highway Bridge 
Top Chord Sections. 


Four Angles 
and 
Three Piates. 


Pihies Moments of | Radii of Gyra- 
s ene Inertia. tion. 
— Gross Area.| 
etoe tricity.) Axis | Axis | Axis | Axis 
Number. Web. Cover. Top. Botton es Se Af) Eee 
A (=) ign Iz TA TB 
Inches. Inches. Inches. Inches. Inches?. | Inches. | Inches?.|Inches‘.| Inches. | Inches. 
14” X 16” Section. A Series. 
“71 14x 16x% 3X3X16 3X3Xa65 20.12 2.14: |) (606 3) 546) | 540 eeeen 
72 ee . % : 21.87 1:07. | (641) |) G85 Se4raleseten 
73 aoe 3 23.62 1.82 -|- 677 |)"623. "| "5-35 lianas 
74 cae : i: es 25.37 Lej7O ep d 660 | 5.29 | 5.10 
75 Ss : 2 = 27.12 | 1.59 | 744 | 696 | 5.24 | 5.06 
76 AS e e . 28.87 1-49°| 777° | 73a ||esstOmpearom 
77 8 30.62 I:4t | 808 |) 765 |: 5.24 og 
ors 14xh 16x§ 3%3X16 3X3X8 20.78 1.88 | 648° | 570-9) 5258 }aeeon 
79 is 3 . 22.53 1:73. | 683, |) (609) ||" Se5O mimseze 
80 oe a ‘ =i 24.28 L6E | 716, | 9647") 1 4 seesene 
81 er . . 7 26.03 TS§0 "| 749" 684s bes Olga 
82 ae . 2778 140 egok 720) || 5.30) 5-09 
83 “76 i - % 29.53 1.32 | 9813) | 7550 | see cneatoo 
84. 5 31.28 1.25 | 845 789 | 5.20 |° 5.04 
385 14x 16x5 3X3%16 3X3X16 21.44 | 1.64 | 688 | 594 '| 5.66 | 5.26 
86 Te - = 23.19 T.$2 0722) O33" scar OS aleecna 
87 SB! . s e 24.94 | 1.41 | 754 | 671 | 5.50 | 5.18 
88 i‘ 16 . a i 26.69 1.32 || 786 |) 708 "| Gi42 a pene 
89 a ‘ ys : 28.44 1.24 || 816) |) 744. | ees Oe gen 
go ae a # . 30.19 I.07- |) 848), 779" 15 -80m gros 
gI 3 31.94 1.10 | 879 813) | 5-24 eps 
"92 T4Xxg 16x5 3X3X16 3X3X2 22.06 V.43-|721 |) GrS) |Ss5e72 ieeg 
93 eae i % i 23.81 | 1.32 | 755 | 657 | 5.63 | 5.25 
94. ie x s FE: 25.56 1:23° |. 786, |P695 lected neocon 
95 pete s a a 27.31 1.15 | 818 732 \ 5-47 Osis 
96 ve = 29.06 1.08 | 848 | 768 | 5.40 | 5.14 
97 ie th be i 30.81 1.02. | 879 || 803) 534 len To 
98 2 Ms 32.56 0.97'| 7909) | 8375415 .28 sieRtog 
99 14x 16x 3X3X16 3X3X16 22.68 1:23 |. 756 || Gan es 77 leon 
100 aS , A r 24.43 04) 787, 26807) NiGt67 y iegea 
IOI oe i ‘8 i 26.18 1.07 | 817 | 718 | 5.58 | 5.24 
102 “38 5 oe 27.93 1.00} 848) | 755 >) 5.50u|-seoo 
103 ee ; iv Si 29.68 0:04 1) S78 ele7on ietse4 aye eena 
104 a 2S = . 31-43 0:89. || 908) |) 8265) 95347 a) enens 
10S 3 i 33.18 084 | 938 | 860 | 5-32 | 5.09 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 83.—Continued. 


PROPERTIES OF Top CHorpD SECTIONS. 


Properties of Four Angles 
Highway Bridge and 
Top Chord Sections. Three Plates. 


; Moments of Radii of Cas 
Plates. Angles. Inertia. tion. 


Gross Area,| Eccen- 
Number. Web Cover. Top. Bottom. ae : : , 
A e Ta IB BN TB 

Inches Inches. Inches. Inches. Inches?. | Inches.|Inches‘.|Inches‘.| Inches.} Inches 

*106 14x 16x3 3x3xe5 | 3x3x8 23.28 | 1.05 | 784 | 665 | 5.80 | 5.34 
*107 ee . a Hy 25.03 | 0.98 | 814 | 704 | 5.70 | 5.30 
108 oe § sy rf 26,78 | 0.92 | 844 | 742 | 5.61 | 5.26 
109 oa e se 28.53 Ons Peavy || GAS) I Saggy || 122 
110 is e i se 30.28 | 0.81 | 904 | 815 | 5.46] 5.19 
III Ae ¥ i. 32.03 | 0.76 | 934 | 850 | 5.39 | 5-15 
112 is és $ 33.78 - 0.75) | 903.4 88401 5.34 eet ay 

X 16” Section. B Series, 

*113 14x} 16x# 3X3Xa5 | 4x3x05 20.74 1.87) 2 O54 | 590! 3) 5:62) tras 
*114 “ « cs s 22.49 172, cOSOm O20m| 5s 31n e529 
II5 3 6 “ m 24.24. T-60: | 172298) 60 7a5) 65-46 slmeae a 
116 ee i rs * 25.99 | 1.49 | 755 | 704 | 5.39 | 5.20 
117 “4 rf a 27.74 ¥.40° | 788") 7401). 5:33 5.16 
118 ¢ ss Se S 29.49 :32 sie SiO 77516 mse 7 eae 
119 nee - - ss 31.24 ¥.24 =| 851 || SOOM N5.22) i508 
*120 14xt 16x3 3x3xo5 4x3x3 21.52 1. C7 7OANn O2 Male ci 2aleses S 
io Be a ie ot 2B 1.46) | 2736) 4) 1663 9) 95.025 lesa. 
122 ae $s “s a 25.02 fe a fetsy gone | oye Wy he) 
123 “5 s es a 26.77 T.27 5 180M 7 3SmnleGedon mses 
124 “4 s re 28.52 E19) 63 Tell 774s AOm mn eare 
125 “ = ca te 30.27 T 125) 8628 | Sogn: | hIa4 eee 7 
126 “8 ve eo a 32.02 T.00n|mSO2m eS4anelicre Sanimsen4 
g127, 14x} 16x2 3x3xpPs | 4x3xd5 22.30 T30 | 748 | 658. 15-70- 9 5-43 
*128 eae % S 2.4.05 1.21 | 780 || 697 | 5.60" |- 5:38 
129 ee ¢ oS z 25.80 TUG. | eSTOm e755 un les OOulms=43 
130 0 Se i ee te 27.55 T:06 |e OAT rle772 a leS es 2ae5 eco 
“et aS 3 vt a: 29.30 100) ||(=O72.5 SOS lms .4.5poe2s 
132 “ ss ee “s 31.05 0.94 | 902 843 ats) || ee 
133 ees rs ce 32.80 | 089 | 932 | 877 | 5.33 | 5-17 
oT 14xt 16x2 x3xz5 x3x4 23.06 1.08 | 787 | 690 | 5.84, | 5.47 
At ee ss “ : x 2 “ 24.81 1.00 | 817 TAS) Mb Isiah |. Sy. 
136 “3a es ce 6 26.56 0.93. 848) 767 | 5.058 85.37 
137 “ Og v2 ie 28 31 0.88 | 877 SOfm I SiGOn mb 2 
138 es ee ee os 30.06 0.837) (99074 e840) 5.40). e528 
139 “ oo 6 ef 31.81 0.78 | 938 S7Sialn 5A Zales ee 
140 ae - ‘ ¥ 3356 | 0.74 | 967 | 909 | 5.37 | 5.20 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 83.—Continued. 


Tor CHORD SECTIONS. 


PROPERTIES OF 


Properties of 


Highway Bridge 
Top Chord Sections 


Four Angles 
an 
Three Plates 


Plates. Angles. 
Gross Area.| Eccen- 
ot | tricity. 
ection 
Number. Web | Cover. Top. Bottom. 
A e 
Inches Inches Inches. Inches. Inches. | Inches. 
Tule 14x} 16x? 3x3xie | 4X3Xc5 23.80 0.85 
*T42 “ce its “ce “ce “ce Zens 0.79 
6c 3 6c 73 73 
143 8 27.30 0.74 
144 CG 3 “ 6 29.05 ° 69 
145 “ ne (73 (74 “ec 30.80 0.65 
146 “ Oy 6c (74 (73 32.55 Oe 
“ce ne “ec (79 “cc Se 3 
147 8 34-30 0.59 
a148- 14xp 16x5 3X3X16 4X3X8 24.52 se 
t6 20.2 0.01 
150 ae ee 3 e 28 ae 0.57 
ICI Oe “ “c “c 20. oO. 
ne (a3 aie 73 13 6 A re) oe 
mae ce Jo. “ce “ (74 33.27 0.48 
(73 48 “c z3 6c : ; 
154 3 35.02 0.46 


14” X 17” Section. 


zISS 
*156 
157 
158 
159 
160 
161 


Broz 
*163 
164 
165 
166 
167 
168 


ETOOl 

*170 
171 
172 
173 
174 
175 


al 
cal 


al 
cal 


Jose mle loa 


HI colo] oletet cleo te[et colon 
a? aft ol o 


3x3x7—6 | 4X3xi15 

“ce ce 

“cc “ec 

(74 ce 

“ “ce 

“a ce 

(74 6c 
3x3xr6 | 4%3x8 

3 

6e “ee 

(<4 “cc 

(74 (74 

ce 74 

6e 6G 
3x3xa5 | 4x3Xxi5 

(<4 (73 

(<4 “cc 

“ee ce 

(<4 (74 

(a4 ce 

ce “ 


2112 
22.87 
24.62 
26.37 
28.12 
29.87 
31.62 
21.90 
23.65 
25.40 
Apes 
28.90 
30.65 
32.40 
22.68 
24.43 
26.18 
27.93 
29.68 
31.43 
33.18 


1.96 
1.82 
1.69 
1577 
1.47 
1.39 
1.31 
1.67 
1.55 
1.44 
1A5 
1.27 


1.19 
igi 


1.40 
1.30 
1.22 
1.14 
1.07 
1.01 
0.96 


Moments Radii of Gyra- 
of Inertia. tion. 
Axis Axis Axis Axis 
A-A. | B-B. |. A-A. | BB. 
Ta Ip TA tB 
Inches‘. | Inches‘.| Inches. | Inches 
824 | 724 S58 esas 
853. | 763 | 5-77 | eau 
883 801 | 5.68 || 5-42 
913 | 838 | 5.60 | 5.37 
942 | 874 | 5-52 | 5.32 
971 | 909 | 5.46 | 5.28 
1000 943 5.40 | p52 
856 | 756 | 5-91 | 5.55 
884 | 795 | 5.80 | 5.50 
914 | 833 | 5-71 | 5.45 
942 870) ||, GO2— i mseqen 
972 | 906 | 5.55 | 5.36 
I00I O41 | 5.48 | 5.32 
1030 975 5.42 | 5:28 
665 | 704 | 5.6% | 5.77 | 
699 | 751 | 5-52 | 5-73 
734 | 797. | 5-45 | 5.68 
767 | 842 | 5.39 | 5.65 
860 | 886= |_ 23.4 aqi6n 
833 | 929 | 5.28 | 5.57 
864 | 971 | 5.22 | 5.54 
715 TAS 5c taleoeee 
748 | 790 | 5.62 | 5.77 
780 | 836 | 5.54 | 5.73 
813, le SST) lise 7ale soo 
845 25 | 5-41 | 5.65 
875 | 968 | 5.35 | 5.62 
907 |IOIO | 5.29 | 5.58 
761 73 VSS) |S 
792 | 828 || B69 155.62 
824 | 874 | 5.60 | 5.77 
855 | 919 | 5-53 | 5-73 
886 | 963 | 5.46 | 5.69 
917 | 1006 | 5.40 | 5.65 
946 | 1048 | 5.34 | 5.61 
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* Spacing of rivet lines of web greater than 30 X thickness of plate. 


*176 
*177 
178 
179 
180 
181 
182 


*183 
*184 
185 
186 
187 
188 
189 
190 


*192 
193 
194 
195 
196 
197 
198 
199 


*200 
*201 
202 
203 
204 
205 
206 
207 
208 


Section 
Number. 


*IoI 


Web. 


Properties of 
Highway Bridge 
Top Chord Sections. 


Plates. 


Cover. 


Inches. 
zu 3 
14x} 17x3 
coe oa 73 
16 
CC, 3 “ 
8 
Te “c 
16 
(Cael “ 
2 
“9 13 
16 
oo 5 6c 
8 
14xt 17x2 
“5 “c 
16 
43. “ 
8 
PR 13 
16 
CORRE, ““c 
2 
CS “ 
16 
co5 73 
8 
66 41 (73 
16 
3 
14xt 17x¢ 
Comb. “c 
16 
<¢_ 3i “ 
8 
(Coal a 6c 
16 
66 5. “c 
2 
ico c 
16 
“5 (73 
8 
(foe ay “ 
16 
coupe: «“< 
4 
3 
14x} 17x32 
66 B. “c 
16 
cer 3: “ce 
8 
CC ca “6 
16 
coli “ce 
2 
ec 9 “ee 
16 
oc 5 “e 
8 
66 RE 6c 
16 
ce 8 ce 
4 


TABLE 83.—Continued. 


PROPERTIES OF Top CHORD SECTIONS. 


Angles. 


Top. 


Inches. 


aor 
3X3X76 
“ 


Bottom. 


Inches. 


Zt 
4X3Xq 
“c 


Mope of Radii of Gyra- 
ate hee Becen- = nertia. tion. 

‘| Axis | Axis | Axis Axis 

A-A. | B-B. | A-A. | B-B. 

A e€ IN Ig Ta Tg 

Inches?. | Inches. |Inches.|Inches‘.| Inches. | Inches. 
23.44. Lic Gy 801 819 | 5.847 | 5.90 
25.19 1.09 832 ||" 866.) 5:75 1 5.86 
26.94. 1:02. | 9) 862 | O82 15-06 5 |nes2: 
28.69 0.96 eva) OYA Il Barty |) Gras 
30.44 O190) |MNO23NRICOLM eG. 6 Damn 
32.19 | 0.85 | 953 | 1044 | 5.44 | 5.70 
33-94. 0.81 983 | 1086 | 5.38 | 5.66 
24.18 0.94 839 858 | 5.89 | 5.95 
25.93 0.88 869 | 905 | 5.79 | 5.90 
27.68 0.82 | 898 | 951 | 5.69 | 5.86 
29.43 0.77 ©2387 |Ss996) | US OL |ecesa 
31.18 0.73 958 | 1040 | 5.54 | 5-77 
32.93 | 0.69 | 987 | 1083 | 5.47 | 5-73 
34.68 O:607 |AOL7 | |e Ti1e5 asad Tent eOO 
36.43 0:63) ||/O46) [PT TGON 5.35mi stos 
24.90 0.75 871 | 895 | 5.91 | 5.99 
26.65 CH) || fen |) oye | Gace | Sov 
28.40 0.66 930 | 988 | 5.72 | 5.89 
30.15 0.62 959 | 1033 | 5.64 | 5.85 
31.90 0.59 988 | 1077 | 5.56 |} 5.81 
33.65 O.56 | TOLS |erI200 | 560 mess 717 
35-40 | 0.53 | 1047 | 1162 | 5.44 | 5.73 
Ba 7nn5 0.50 |=1076" 12030) Sees Sines 69 
38.90 0:48 | 1105 | 1243 | 6.33 | 5.65 
25.62 O7517, 903 931 | 5.94 | 6.03 
27.37 | 0.53 | 931 | 978 | 5.84 | 5.98 
29.12 0.50 | 961 | 1024 | 5.75 }-5.93 
30.87 0.47 gg90 | 1069 | 5.66 | 5.88 
32.62 0.45 | 1or8 | 1113 | 5.59 | 5.84 
34.37 OFZ es STOAS TIS On| 5.53 mseOO 
36.12 0.40 | 1076 | 1198 | 5.46 | 5.76 
37.87 OBS PP LLOb el 1229071 85.4 Ome «72 
39.62 Oye | WitAls || MAG) |) Gags || Beets! 


Four Angles 
and 


Three Plates, 
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* Spacing of rivet lines of web greater than 30 X thickness of plate. 


Section 
Number. 


*209 
*210 
211 
212 
i218 
214 
215 
216 


#217 
*218 
219 
220 
221 
222 
223 
224 


yp) 
*226 
226 
227 
228 
229 
230 
Devt 


E232 
*233 
234 
235 
236 
237 
238 
239 


Properties of 


Highway Bridge 
Top Chord Sections, 


Plates. 


TABLE 83.—Continued. 


PROPERTIES OF Top CHORD SECTIONS. 


Four Angles 
and 
Three Plates. 


Angles. 


Moments of 


Radii of Gyra- 


Inertia. tion. 
= Gross Area. ee. : 

‘| Axis Axis | Axis Axis 

Web. Cover. Top. Bottom. ADs |e 
A e Ta Ig TA TB 

Inches | Inches. Inches. Inches. Inches2. | Inches.|Inches‘.|Inches‘. Inches.| Inches. 

15” X 17" Section. 

15x16 17X85 3X3X16 4x3xz5 23.50 1:89°|" 821 | 7667) S-O8) ou 
8 i: 25.38 res 862 | 816 | 5.83 | 5.67 
“we e & ‘< 27.28 | 1.63 | 902 | 865 | 5.75 |5l63 
Z a . ¥ a se 29.13 1.52 |-"942 | oF | 5:68 |MgukO 
ae 4 y - 31.00 1.43 983] O58. | 5:62 \eigacG 
Ae EB . ” 32.88 1:36 | LO2T | (TOOZ— (95.57. mpage 
MEG : . K 34.75 | 1.28 | 1059 | 1047 | 5.52 | 5.49 
4 36.63 1.21 | 1097 | 1090 | 5.47 | 5.46 
ISXi5 17x 3x3xe5 | 4x3x3 24.28 1.61 | 877 | 807 | 6.or | 576 
Se ¥ . 26.16-~| 1.49'| 917 | 857 | 5:92" |\eaga 
“6 . ¥ - 28.03 | 1.39 | 956 | 906] 5.84 | 5.68 
oe _ 5 29.91 | 1.31 | 994] 953 | 5-76 | 5.64 
16 - 31.78 1.23. |£ 4033) |) 9090/5: 7O™| esto 

ps 7 . cs 33.66 | 1.16 | 1071 | 1044 | 5.64 | 5.57 
Ree ee ¥ 35.53 TIO. | TIO8_|e1OS8" | 5-585 hoses! 
4 37-41 LOG | L145) | x13 ae 5.5 3a eseso 
15x16 17x$ 3X3X16 4X3X76 25.06 1.36 | 929 | 845 | 6.08 | 5.81 
Bi Se - _ ¥ 26.94 1.26 | 967 | “895; ||"5:68 lese7o 
« 2° 8 bs 28.81 1.18 | 1005 944 | 5.90 | 5.72 
z # 30.69 T.1r | 1042 | QOn | 15:82) |iegtos 
Sare 3 sf ee 32.56 | 1.04 | 1080 | 1037 | 5.76 | 5.64 
ee sy # es 34.44 | 0.99 | 1117 | 1082 | 5.69 | 5.61 
“36 $ 3 rS 36.31 | 0.94 | Ysa || 1126 95.63) |mueeg: 
id - 2 a 38.19 | 0.89 | 1191 | 1169 | 5.58 | 5.53 
15x16 17X5 3X3X16 4x3x4 25.82 Lea3 973 | 883 | 6.14 | 5.84 
ae # * x 27.70 1.05 | 1010 | 933 | 6.04 | 5.80 
«TS . i 3 29.57 | 0.99 | 1047 | 982 | 5.95 | 5.76 
ne * be 31.45 0.93 | 1084 | 1029 | 5.87 | 5.72 
es ‘ 33.32 | 0:889 | Tren) || 107s lee 7omleigtoe 
a: - y 7% - 35.20, | 0.83 °| 1288 | 1120]. 5.73 Wiegiom 
eer : : - 37.07 0.79 | 1194 | 1164 | 5.68 | 5.61 
a : 38.95 ©.75) ||, D2300| 012077 ls 5-62. eGany 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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270 
271 


Properties of 


< 


Highway Bridge 
Top Chord Sections. 


Plates. Angles. 
Gross Area.| Eccen- |— 
tricity. 
Web Cover. Top. Bottom. 

A e 
Inches Inches. Inches. Inches. Inches?, | Inches. 
15X76 17X8 3%3X16 43X76 ae oF 

ry 28. O. 
“ ot “ce “ce “ a - 
« 28 om te ‘ 30.31 0.80 
“ 9 ce “ cc ae ee ee 
“ce ze Cia “e “ x 68 

“cc ey (73 ce “ee 35-94 ae 
cel Fe fi 2 . 37.81 0.64. 
< 39.69 0.61 
15x75 17x2 3X3X75 4X33 27.28 0.72 
ee} ss 3 a! 29.16 | 0.67 
“ie if < ad 31.03 | 0.63 
“c Ps “c “ce “c 32.91 0.60 
Smet de cot S| 3498 oar 
“ fp “ “ec “ 3p.00 ae 

ce ac “ ce (73 3 53 5 
4 40.41 0.49 
15x76 17x§ 3X3X16 4x3xT6 28.00 | 0.54 
“c a 66 “ “c a0:88 ahs 
“ + 74 “cc ce 31-75 eee 
“cc 2 (7 “cc 6c 33,63 O:45 
(73 76 ce 33 “ 35-50 ae, 
“cc Ge “ ce “ce 37-38 de is 
“ BS “c “cc “c 39-25 oe 
4 41.13 0.37 

15’ X 18’” Section. 

15x16 18x76 3X3X15 4X3X76 25.00 DMs 
cc & “ “ce “ec 26.88 st) 
“ 76 “ ce ce 28.75 1.95 
“ a (74 ce “ce 30.63 ECE 
77 # 6c “ 7G 32.50 1-73 
“ a “ ce ce 34:38 1.64 
cc 76 “ce “ “ce 3 25 1-55 
a 38.13 | 1.47 


TABLE 83.—Continued. 


PROPERTIES OF Top CHORD SEGTIONS. 


Four Angles 
and 
Three Plates. 


Moments of Radii of Gyra- 
Inertia. tion. 
Axis Axis Axis Axis 
A-=A. | B-B. | A-A, | B-B: 
Ta Ig Ta Tg 
Inches‘.|Inches‘.| Inches. | Inches. 
1016) | “920 | 6.18" "5-88 
1052 | 970 | 6.08 | 5.84 
1089 | 1019 | 5.99 | 5.80 
T1268, | 1006"||"5.91 |/75-76 
TIGL | 11029) 95-84 Weber 
1197 | 1157 | 5.77 | 5.68 
¥233 | 1200 | 5.70 |) e504 
1269 | 1244 | 5.65 | 5.60 
1055 | 959 | 6.22 | 5.92 
I0gI | 1009 | 6.12 | 5.88 
1127 | 1058 | 6.03 | 5.84 
1162 | 1105 | 5.94 | 5.80 
TE9Q9Q) | TiS1 5.87 jeese75 
1234 | 1196 | 5.80 | 5.71 
1270 || 1240") 5.74. -, 5:67 
1305 | 1283 | 5.68 | 5.63 
1089 | 995 | 6.24 | 5.96 
‘1124'| 1045 | 6.14 | 5.91 
1160 | 1094 | 6.04 | 5.87 
TIOG || FIAT) 5.96) \|e5.S2 
123.0 LIS 71 95.00) lege7o 
1267 || 12327) 5.82 |e5.74. 
1302) | 1270) 15.70) lenge 70 
1337 | 1319 | 5-70 | 5.66 
872) || 931 | 5.90:|, 6.FO 
gIS 991 | 5.83 | 6.07 
958 | 1050 | 5.77 | 6.04 
1000 | 1108 |} 5.71 | 6.01 
1042 | 1164 | 5.66 | 5.98 
TOSZ ei L2LOM 5 OTN Nas .O5 
Pe | FEW Geistey |[s Gxey? 
TIOL E324 | 5.52 5-80) 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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“TABLE 83.—Continued. 


PROPERTIES OF Top CHORD SECTIONS. 


Properties of Four Angles 
Highway Bridge and 
Top Chord Sections. Three Plates. 
Plates. Angles 7 Moments of Radii of Gyra- 
: Inertia. tion. 
— —_—_______—_——_|Gross Area. poriee a — 
ie Y*| Axis | Axis | Axis | Axis 
Number. Web. Cover. Top. Bottom. : pilin Me Tao 
A e Ta ip Ta Tp 
Inches. Inches. Inches. Inches. Inches?. | Inches. |Inches‘.| Inches‘.| Inches. | Inches. 
e272 15x16 18x76 3X3X16 4x3x3 25.78 1.97 | 1 933)'| (97671 "6.08 5 moans 
e273 2 7 = 27.66 1.84 974 | 1036 | 5.93 | 6.12 
274 ne i 29.53 1.72 | 1015 | 1095 | 5.86 | 6.09, 
275 3 ‘ 31.41 1.62 || 1055) | 11§3)-|) 5:79) |manoG 
276 % 16 * ¥ i 33-28 1.53 | 1096 | 1209 | 5.73 | 6.02 
OTT es - r es 35.16 1.45) | 1135 | 1264 } 5-68 85.09 
278 ae sae .. _ 37.03 1.37 | 1174) 1317 |} 5-63) |pp.O0mm 
279 4 38.91 131 | 1212-11369 |, 5:58: |es.03 
*280 ISxy5 18x75 3x3x¢5 | 4x3xq5 26.56 1:72 |. 988 |, 1020 | 6.10) |RGi20 
*281 Baas S - - 28.44 1.61 | 1028 | 1080 | 6.01 | 6.16 
282 C Ay a os 30.31 1.51 | 1068 | 1139 | 5.93 | 6.13 
283 : 3 p se ie 32.19 1.42 | 1107 | 1197 | 5.86 | 6.09 
284 : 16 ’. x . 34.06 1.35 | 1146 | 1253: | 5.79) |/PGi06 
285 a5 i re : 35.94 1.28 | 1184 | 1308 | 5.74 | 6.03 
286 a6 37.81 T,20 |)1222 |) 136R 5-65 |moloo 
287 ae = # et 39.69 E15 |: 1260) ||) 14537 [) 5-63 uno oy, 
*288 1SxXy5 18x76 Bo eae 4X3X4 27.32) 1.50 | 1038 | 1063 | 6.16 | 6.24 
*289 - a S ne 29.20 1.40 | 1077 | 1123 | 6.07 | 6.20 
290 3 16 - c e 31.07 1.32 | 1115 | 1182 | 5.09 | 6.17a5 
291 me fs ms 32.95 1.24 | 1153 | 1240 | 5-92) | 16. ram 
292 aie ‘ 34.82 1.18 | 1192 | 1296 | 5.85 | 6.10 
293 Bus - : yy 36.70 1:02 || 1229 | 1365 |) 5379) (Molo 
294 fe a, . 38.57 1.06 | 1266 | 1404 | 5.73 | 6.04 
295 a s 40.45 1.0L | 1303 | 1456 | 5.68 | 6.00 
*2096 15x76 18x75 3x3x¢5 | 4x3xx%5 28.06 1.28 | 1085 | 1107 | 6.21 | 6:28 
*207 3 * a 29.94 1.20 |. 1123 | 1167 | 6.12 | 6.2 
ce wh “ ce ce 4 
298 «38 zs * 31.81 1.13 | 1160 | 1226 | 6.04 | 6.20 
299 ae % > >: 33.69 1.07 | 1197 | 1284 | 5.96. | 6.17 
300 cate 3 r; * 35.56 1.01 | 1235 | 1340 | 5.89 | 6.14 
301 nr i © Pe 37.44 0.96 | 1272 | 1395 | 5.83 | 6.10 
302 ae x i s 39.31 0.92 | 1309 | 1448 | 5.77 | 6.06 
303 ri 41.19 0.88 | 1345 | 1500 | 5.71 | 6.03 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 83.—Continued. 


PROPERTIES OF Top CHoRD SECTIONS. 


Properties of oe Four Angles 
Highway Bridge = Per an 
Top Chord Sections. Three Plates. 


Moments of | Radii of Gyra- 
Inertia. tion. 
Eccen- 


tricity. 


Axis Axis Axis Axis 
A-A. | B-B. | A-A. | B-B. 
Cover. 


A e I, Iz ra Tp 


Inches. i Inches?. | Inches. |Inches‘.|Inches‘.| Inches. | Inches. 


18x75 28.78 1.09 | 1127 | 1149 | 6.26 

rs 30.66 1.03 | 1164 | 1209 | 6.16 
32.53 . 1201 | 1268 | 6.07 
34-41 . 1237 | 1326 | 5.99 
36.28 é 1275 P1382 5.02 
38.16 4 1310 || 1437, | 5.86 
40.03 4 1347 | 1490 | 5.80 
41.91 . 1383 | 1542 | 5.74 


29.50 : 1165 | 1191 | 6.28 
31.38 : 1202) | 12 50m 0.59 
23°26 : 1238 | 1310 | 6.10 
36-13 ‘ 1274 | 1368 | 6.02 
37-00 : IZTT | 1424 | 5.95 
38.88 f 1347 | 1479 | 5.88 
40.75 : 1383 | 1532 | 5.82 
319 42.63 : 1419 | 1584 | 5.76 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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Properties 


° 
Top Chord Sections. 


TABLE 


84. 


PROPERTIES OF Top CHORD SECTIONS. 


Four Angles 
and 
Three Plates. 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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Moments of 
Plates. : Inertia. 

Gross Area. pes : ; 

Section ae rer BB 
Number. Web. Cover. Top. Bottom. " : : 
A e Ta Ip 

| Inches Inches. Inches. Inches. Inches?. | Inches.) Inches?.| Inches‘. 
15’ X 18” Section. A series. 

*Tool 15X35, 18x75 3X3X8 4X3X$ 28.31 1.96 | 988 | 1067 
1002 a 38 ¥ i 30.19 1.84 | 1029 | 1126 
1003 2 32.06 1.73 | 1070 | 1184 
1004 aes es e @ 33-94 1.63 | 1112 | 1240 
1005 es * ic Ss 35.81 L.55 | Troms rags 
1006 aa ¥ Be - 37.69 1.47) | TIO |exg4e 
1007 ie ES ss es 39.55 1.40 | 1229 | 1400 

*1008 15x, 18x76 3X3X8 4x3X16 29.09 1-73 |\slOu3 seu ten 
1009 Ts i - 30.97 1.62 | 1084 | 1170 
IOIO ok és Ee z 32.84 153 |) wrzg5 anes 
IOIL ye . is . 34.72 1.45 | 1163 | 1284 
1012 pea - i 5 Z6:59N || 1.37))| 120205 1880 
ed def es one] | Bees ee 
1014 < : : 

*Io15 15x5 18x75 3X3X8 4X3X3 29.85 1.52 | 1093 | 1156 
1016 ue m 5 a B57 T-43.\\utIS2) Prous 
IO17 2 33.60 1:35 3] S27. Se b273 
1018 ore ss s ss 35.48 1.280 er2Tompeng29 
1019 i 0 . ee Wis Ki2t | 1248 | 1384 
1020 ae 3 3 39.23 1.15 | 1286 | 1437 
1021 r 41.10 1.10 | 1323 | 1489 

*1022 15x5 18x75 3X3X5 43X76 30.59 1.32 | I140 | I199 
1023 as 3s % 32.47 1.25 |, LIS eres 
1024 ye A i ¥ 34.34 ITS | PI2TOnlearo 
1025 16 36.22 1.12 || 1255 |>1372 
1026 os) ss : 38.09 1.06 | 1292 | 1427 
1027 eS - e . 39-97 1.01 | 1329 | 1480 

_ 1028 ert $ s 41.84 0.97 | 1366 | 1532 

*1029 15x35 18x76 3X38 4X38 30.31 105) )) Tessa ear 
1030 78 . is 2 33-19 1.08 | 1220 | 1300 
1031 Fs ~ 4 35-060 1:02) | 257 eas 
1032 ais < : * 36.94. | 0.97 | 1295 | 1414 
1033 3 38.81 0.93 | 1332 | 1469 
1034 Oh ores vk <i “ 40.69 | 0.88 | 1368 | 1522 
1035 itt i“ sd % 42.56 | 0.84 | s405 | 1574 


Radii of Gyra- 
tion. 
Axis Axis 
A-A. | B-B. 
TA Tp 

Inches.| Inches. 
5-91 | 6.14 
5.84 | 6.11 
5-78 | 6.08 
5.72 | 6.05, 
5-67 | 6.01 
5-62 | 5.98 
5-58 | 5.95 
5-99 | 6.18 
5.92. | 6.05 
5.85. /Gnun 
5-79 | 6.08 
5.73. | O05 
5.68 | 6.01 
5-63 | 5.98 
6.05, | 7622 
5.97 | 6.19 
5.00) |S Osks 
5.84 |- 6.12 
5.78 | 6.09 
5-73 | 6.05 
5.67 | 6.02 
6.10 | 6.26 
6:02. "622 
5:95 | 6.19 
5.89 | 6.16 
5.83) | 6:12) 
5-77 | 6.08 
5.71 1 6.05 
6.15 | 6.30 
6.06 | 6.26 
5.99 | 6.22 
5.92 | 6.19 
5.86 | 6.15 
5-80 | 6.12 
5.75 | O.0cm 


TABLE 84.—Continued. 


PROPERTIES OF Top CHorRD SECTIONS. 


Properties 
fo) 
Top Chord Sections. 


Four Angles 
and 
Three Plates. 


Moments of Radii of Gyra- 


Plates. Inertia. tion. 
= Gross Area,| Eccen- : 
ection ; tricity-| Axis | Axis Axis Axis 
Number. Web. Cover. Top. Bottom. aa ees peers were eae. 
A e Ta Iz Ta Tp 
Inches. Inches. Inches Inches. Inches?. | Inches. | Inchest.|Inches‘.| Inches. | Inches 
*1036 I5X5 18xqz— 3x3x¢ 4X3X3¢ 32.03 0.98 | 1223 | 1284 | 6.18 | 6.33 
1037 x 1s “1 - . 33.91 092°| 1260 | 1343,| 6.10 | 6.29 
1038 i x A : 35.78 | 0.87 | 1297 | 1401 | 6.02 | 6.25 
E39 Me : ‘s - 37.66 | 0.83 | 1334 | 1457 | 5.95 | 6.22 
O40 BA x 39-53 | 2-79 | 1370 | 1512 | 5.89 | 6.19 
TO41 T6 a 3 41.41 0.76 | 1406) | 166501" 5-83) ours 
1042 ae < - - 43.28 | 0.72 | 1442.| 1617 | 5.77 | 6.11 
*1043 15X8 18x75 3X3x8 4X3X4 32.73 O:82 i250) 32 7a 0. 2Om moni, 
1044 Pate , “ 34.61 0:78) 1295) |) 1386) | 6:12) 1816.32 
1045 tel A % ss 36.48 0.74 | 1331 | 1444 | 6.04 | 6.29 
1046 REL 38.36 0.70) |) 1368 || 91500" eh O7 snows 
1047 3 ‘ es < 40.23 | 0.67 | 1404 | 1555 | 5.90 | 6.22 
1048 ees ss he ie 42.11 | 0.64 | 1440 | 1608 | 5.85 | 6.18 
__ 1049 Be 4 ‘i - 43.98 | 0.61 | 1475 | 1660 | 5.79 | 6.14 
15’ X 18’ Section. B Series. 
1050 15x5 18x5 32X33%5 5X32%8 29.06 Ts50: |) L035 |) 1042495206) | 5-08 
IO51 Pris + ‘ : 30.94 1.41 | 1074 | 1090 | 5.89 | 5.93 
1052 eee \ Ke 4 32.81 Uecee I SObe MN amici Al Teaspy | Kfee! 
1053 TG 34.69 1.26 | Dist. || 1183") 5:76 195-84 
1054 cone ve cs 36.56 1.20 -| I190 | 1228 | 5.70 | 5.79 
1055 Mee fc s : 38.44 | I.14 | 1227 | 1272 | 5.65 | 5.75 
1056 “ 2 oe “s # 40.31 1.08) 51265 P13 550ls-G0 Ul eee7 Er 
1057 15x 18x5 32X32X5 5X32X16 30.02 1.25 | 1095 | to95 | 6.04 | 6.04 
1058 Re , mi i 31.90 easy yf tre ey all Maigh {I AS6Y6\,, je oho) 
1059 Bee a : .. 33-77 | I-11 | 1170 | 1190 | 5.89 | 5.94 
1060 6 : 35.65 1.05 | 1207 | 1236 | 5.82 | 5.89 
1061 sn © es B7pse T.OOn | L275ulel2 80m ese 7OMlesesd 
1062 Sate %: # < BOAO | O205 | © E2928 6132 Gale 557Om| a5 SO 
1063 ae 3 39 ef 41.27 COT Ne IG TO MeL3OSnNS-OSmlnSe7 5 
1064 AGH 18x? 34x34x3 | 5x34x4 30.96 1.02 | 1149 | £148 | 6.09 | 6.09 
1065 “oe : ss cs 32.84 0.96 | 1186 | £196 | 6.00 | 6.03 
1066 a iH 6 34.71 OO 5122212450)" 5,935.08 
1067 Nee sf ss = 36.569 | 0.86 | 1259 | 1289 | 5.86 | 5.93 
1068 oe is ge < 38.46 | 0.82 | £296 | 1334 | 5.80 | 5.88 
1069 rare I - a 40.34 | 0.78 | 1332 | 1378 | 5.74 | 5.84 
1070 ae 3 rs 6 42.21 0.75 | 1368 | 1421 | 5.69 | 5.80 


* Spacing ot rivet lines of web greater than 30 X thickness of plate. 
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Top Chord Sections. 


TABLE 84.—Continued. 
PROPERTIES OF TOP CHORD SECTIONS. 


Four Angles 
and 
Three Plates. 
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* Spacing of rivet lines of web greater than 30 X thickness of plate. 


Plates. Angles. Mone Radi of 
Gross Area.| Eccen- 
Section tricity-| Axis | Axis | Axis | Axis 
Number. Web Cover. Top. Bottom. ACA. | BB eee 
A e Tx Ip TA TB 
Inches. Inches. Inches?, | Inches. |Inches‘.|Inches‘.| Inches. | Inches. 
1071 15x 18x3 SiGiosay || Specs, 0.80 | 1200 | 1201 | 6.13 | 6.13 
1072 % 76 : A 33-78 0.75 | 1236 | 1249 | 6.05 | 6.08 
1073 ie e a 35.65 O:71 ||| 1272: 0296s. 0 7a Os 
1074 ue 3 - _ 7253 0.68 | 1308 | 1342 | 5.90 | 5.98 
1075 oe A 39-40 | 0.65 | 1344 | 1387 | 5.84 | 5.93 
1076 8 . = - 41.28 0.62 | 1380 | 1431 | 5.78 | 5.89 
1077 z ; 43-15 | 0.59 | 1416 | 1474 | 5.72 | 5.84 
1078 15X5 18x5 3yx3axe | 5x3hx3 32.80 -| 0.60 | 1246 | 1253 | 6.16 | 6.18 
1079 nas ‘ :: 3 34.68 0.57 | 1282 | 1301 | 6.08 | 6.12 
1080 a % es a 36.55 0.54 | 1317 | 1348 | 6.00 | 6.07 
1081 78 2 a 2 38.43 O.51 |-1353 | 1394, || 5.93 1 sG.02mm 
1082 ee s is . 40.30 0.49 | 1389 | 1439 | 5.87 | 5.97 
1083 ie i Zi - ys 42.18 0.47 | 1425 |) 1483) 5.8reig5o2 
1084 8 44.05 0.45 | 1460 | 1526 | 5.76 | 5.88 
1085 I5X5 18x35 32X33X8 5X32X16 33-70 .| 0.41 | 1289.| 1305 || 6:18) [G22 
1086 a8 f wi * 35-58. |-0.39 | 1325 1135s ul OaO moseo 
1087 ae 5 - $8 37.45 0.37 | 1360 | 1400 | 6.02 | 6.11 
1088 Hak 6, . - x 39.33 0.35 | 1395 | 1446 | 5.95 | 6.06 
1089 oe - ss ¥ 41.20 0.34 | 1431 | 1491 | 5.89 | 6.01 
1090 oat e - a 43.08 0.32 | 1467 |) 1535 | 5.83 105.90 
1091 x 44.95 0.31 | 1502 | 1578 | 5.78 || 5.92 
1092 15X35 18x35 32X3 2X8 5x3 4x2 34.58 0.25 | 1326 | 1358 | 6.19 | 6.26 
1093 ae > sf 36.46 0.23 | 1361 | 1406 | 6.11 | 6.20 
1094 on Es * y 38.33 0.22: |. 1396 | 1453" | 6:03) sours 
1095 pie 2 - re 40.21 0.21 | 1431 | 1499 | 5.96 | 6.10 
1096 he # * 42.08 0.20 | 1467 | 1544 | 5.90 | 6.05 
1097 ae - 5s x 43.96 0.19 | 1502 | 1588 | 5.84 | 6.00 
1098 + | 45.83 0.18 | 1537 | 1631 _|) 5.79) 1015.96 
15’ X 19”’ Section. A Series. 

*1099 15X§ I9XxT6 3X3X5 4X3X5 28.75 2.04 | 1002 | 1240") 5-91) 196.57, 
1100 oie A ‘ 3 30.63 1.92 | 1044 | 1310 | 5.84 | 6.54 
IOI ie E ¥ 32.50 1.81 | 1086 | 1378 | 5.78 | 6.51 
1102 sere = i 2 34.38 1.71. || 1128" |) 14454) 5.730 ods 
1103 ae i s 2 36.25 1.62 | 1168 | 1510 | 5.68 | 6.45 
I104 36 i &, 2 38.13 | 1.54 | 1207 | 1574 | 5.63 | 6.43 
I105 a 40.00 1.47 | 1247 | 1637 | 5.59 | 6.40 


TABLE 84.—Continued. 


PROPERTIES OF Top CHORD SECTIONS. 


Properties e- ' Four Angles 
fo) ? ' z re Z Marra erae and 
Top Chord Sections. ' Three Plates. 


Moments of Radii of Gyra- 


Plates. Inertia. tion. 


’ icity. | Axi is | Axis | Axis 
Section 
Number. A-A, | B-3. 


TA IB 


.| Inches. | Inches. 


Foe 


l= co|on 
* 


16 
3 
4 
x3 
A 
16 
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* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84.—Continued. 
PROPERTIES OF ToPp CHORD SECTIONS. 


Properties 


Four Angles 
fo) d 
Top Chord Sections. 


an 
Three Plates. 


Moments of | Radii of Gyra- 
Plates. i 


Inertia. tion. 
Gross Area.| Eccen- | _— < : = 
Section wn | ER. | Some | aed eee 
Number. Web. Cover. Top. Bottoms, |= : ae : i 
A e 1H Ip TA TB 
Inches. Inches. Inches. Inches. Inches?. | Inches.|Inches.|Inches‘.| Inches.} Inches. 
*TI4I 15X§ 19x76 3X3X8 4x3x¢ B35 17, 0.92 | 1279 | 1535 | 6.21 | 6.80 
1142 ae 2 : ; 35-05 0.87 | 1316 | 1605. || 6.13) Os77 
1143 $ : 36.92 O82 | 1352 | 1673-4 16.05)mos73 
1144 ae “ cs i 38.80 0.78 | 1388 | 1740 | 5.98 | 6.70 
1145 else: ne & . 40.67 0.75 | 142§ | 1805 | 5.92 | 6.66 
1146 i te 4 3 s 42.55 0.71 | 1461 | 1869 | 5.86 | 6.63 
1147 > S “ 44.42 0.68 | 1497 | 1932 | 5.81 | 6.59 
15” X 19” Section. B Series. : 
1148 15x8 19xT6 32%3 2x8 5X32%8 30.62 1.83 | 1094-| 1250 | 5.98 | 6.39 
1149 ji 16 iS 5 ii 32.50 1.72 | 1136 | 1308 | 5.917 | 6.34 
1150 z 34.37 1.63 .| 1176. | 1365 | 5.85 | 6.30 
1151 “ ss * : 36.25 1.55 "'| 1215. | (1420 | aso umone 
1152 ae Ss H vi 38.12 | 61347 | 1265 || ora7or eh snmore 
1153 “ ¢ < 40.00 1.40 | 1294 | 1530 | 5.68 |"6.18 
1154 a . Bi = 41.87 | 1.34 | 1333 | 1583 | 5.64 | 6.14 
1155 15x5 19x16 32X33x8 5X32X16 31.58 ~| 1.58 | 1160 | 1310 | 6.06 | 6.44 
1156 ae é 4 . 33-46 1.49 | 1200 | 1368 | 5.98 | 6.39 
1157 se : . : 35-33 | 1-41 | 1239 | 1425 | 5.92 | 6.35 
1158 ae ¥ i ‘ 37.21 1:34, -| 1277) \ET4Sh We SOU lowes 
I1s9 ne 3 Z 7 39.08 1.27-| 1317 | eeS53Oq 5-SOmimaren 
1160 ie xy ‘ 40.96 1.21, | 1355-|) 15904) 5-75, |eoe 
1161 < 42.83 1.16 | 1392 | 1643 | 5.70 | 6.19 
1162 15x 19X16 32X32X8 5X3 3X2 32.52 1.35 (i278 *| (1377 106.02 losa9 
1163 3 . ‘ : 34.40 1.27 | 1256 | 1429°| 6.04 | 6.44 
1164 ph ¥ i. 3 36.27 1.21 | 1294 | 1486 | 5.97 | 6.40 
1165 6 38.15 1.15 | 1332 | 1542 | 5.91 | 6.36 
1166 2 ee re ¢ 40.02 1.09. | 1370 | ©1597 5:65) |no.g2 
6 ood (74 “ “ 
1167 . 16 Sn - i 41.90 1.04 | 1407 | 1651 | 5.79 | 6.28 
1168 2 43.77 1.00 | 1444 | 1704 | 5.74 | 6.24 
1169 155, 19x 32X33x8 5X33X16 33.46 T.13) 21274.) 14377 Osn7elmossa 
1170 18 : z : 35-34 1.07 | 1311 | 1489 | 6.09 | 6.49 
1171 ee : 37.11 1.02 | 1348 | 1546 | 6.02 | 6.45 
1172 16 2 ie My 38.99 0.97 | 1385 71602). 5.06" sora 
1173 “3 “ . ss 40.86 | 0.92 | 1423 | 1657 | 5.90 | 6.37 
1174 < 16 s < z 42.74 | 0.88 | 1460 | r71r | 5.84 | 6.33 
1175 = re a ss 44.61 0.85 | 1496 | 1764 | 5.79 | 6.29 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84.—Continued. 
PROPERTIES OF Top CHORD SECTIONS. 


Properties 


: Four Angles 
° 
Top Chord Sections. 


an 
Three Plates, 


Plates. Angles. Be of beurre Meee 
= Gross Area. ees = - - ; 

Section Ticity.| Axis | Axis | Axis | Axis 

Number Web. Cover. Top. Bottom. : fae | Breag) Acker: 

A e Ta Ip TA Tg 
Inches. Inches. Inches?. | Inches. |Inches‘.|Inches‘.} Inches. | Inches. 

4176 15x? I9oxzs  |-33x33x3 | 5x34x5 34.36 0.93 -| 1325 | 1490 | 6.21 | 6.59 
1177 ae 4 me e 36.24 ©:88 491362) |§154981).6.030| 86453 
1178 ee i cs ia 38.11 0.84 | 1398 | 1605 | 6.06 | 6.48 
1179 “ <6 % 5 o 39-99 | 0.80 | 1434 | 1661 | 5.99 | 6.44 
1180 “Sa “ es oo 41.86 0.76 | 1472 | 1716 | 5.93 | =640 
1181 “it ss < a: 43-74 0.73 | 1508 | 1770 | 5.87 | 6.36 
1182 Séned. cs .° iy 45.61 0.70 | 1544 | 1823 | 5.82 | 6.32 
1183 15x? 1oxzs | 34x33x2 | 5x33x24 | 35.26 O:740 | 1372, | 1549) | 6.24 1) 6.62 
1184 “6 oe * ss 3 37.14 0.70 | 1408 | 1607 | 6.16 | 6.58 
1185 ae - Hi vi 39.01 0.67 | 1444 | 1664 | 6.08 | 6.53 
1186 “3 ss ee a 40.89 0.64. | 1479 | 1720 | 6.01 | 6.48 
1187 ats - - = 42.76 0.61 | 1516 | 1775 | 5.95 |. 6.44 
1188 ‘oie S ee sé 44.64 0.59 | 1552 | 1829 | 5.89 | 6.40 
1189 oe #2 a, + 46.51 ONES) |] aiitey/ |) SaPL | Gav |p Cueto 
1190 iiss 1oxzs | 33x34x3 | 5x34x3 36.14 0.58 | 1413 | 1609 | 6.25 | 6.67 
IIQI Oe . 4 ss 38 02 O55 | 1448 | 1667 | 6.16 | 6.62 
1192 Cone x es 39.89 0.52 | 1484 | 1724 | 6.09 | 6.57 
1193 eas u z ce 41.77 O350) || L520) 11780) | G103% morse 
1194. hae a 3 43-64 | 0.48 | 1556 | 1835 | 5.97 | 6.48 
1195 “it i e & 45-52 0.46 | 1591 | 1889 | 5.91 | 6.44 
1196 Lee a i g a 47.39 0.44 | 1627 | 1942 | 5.86 | 6.40__ 

16” X 19” Section. A Series. 

*T197 16x2 19x75 3x3x¢ 4x3x3 29.49 2202 | LOS |) 1270) |NO:28) 26.56 
1198 “i ee ss es 31.49 £99 = |I26"| 0s AAG Oe de ores 
1199 Pak ae s ty 33-49 1.87 91205 Vt 407 60S Ole T 
1200 eae e ‘ os 35-49 1.76 | 1315 | 1488 | 6.09 | 6.48 
1201 Oa ¥ e < 37 49 0.67 | 1964 e158) 96:04 |..0.45 
1202 eH ee s = 39.49 TSB. LAt2 | t626u 05:08 26,42 
1203 fe of . i 41.49 | 1.51 | 1459 | 1693 | 5.93 | 6.39 

*1204 16x? 19x75 2x3xKe 4X3Xq5 30.27 1.88 | 1229 | 1321 | 6.37 | 6.60 
1205 ae oe Hg eo 32.27 die |) TORS AN WSO ||| eevee 
1206 ae ee ay i 34.27 1.66 | 1326 | 1468 | 6.22 | 6.54 
1207 “> ce ey ss 36.27 ally! || AGEs || Bee) | Oss | gsi 
1208 8 ss a He 38.27 1.49 | 1422 | 1609 | 6.09 | 6.48 
1209 se an ce is fe 40.27 1.42 | 1469 | 1677 | 6.04 | 6.45 
1210 ae : e es 42.27 | 1.35 | 1515 | 1744 | 5.99 | 6.42 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84.—Continued. 
PROPERTIES OF TOP CHORD SECTIONS. 


Four Angles 


Properties 
and 
Three Plates. 


fo) 
Top Chord Sections. 


Moments of | Radii of Gyra- 


Plates. | Angles. | Inertia. tion. 

——_____________ Gross Area. | Ecogn- pees Se 

Selon tricity. Axis Axis zee 

Number. Web. Cover. Top. Bottom. area eS Beg ee baa ase 
: A e IB TA rp 

Inches. Inches. Inches. Inches.. Inches?2. | Inches. Inchest.| Inches‘. Inches.| Inches. 

16” X 19” Section. A Series. 

eIonr 16x? 19xz% Bx3xe 4X3X4 31.03 1.67 | 1287 | 1371 | 6.45 | 6.65 
1212 “6 os # % es 33.03 1.67 | 1335 || 1445] 6:36 G:62 
1213 hei 5 i o 35.03 1.48 | 1382 | 1518 | 6.28 | 6.58 
1214 “Ss e < £ 37.03 1.40 | 1429 | 1589 | 6.21 | 6.55 
1215 fe is re a 39.03 | 1.32 | 1476 | 1659 | 6.15 | 6.52 
1216 “it eS sf ae 41.03 1.26 | 1522 | 1727 | 6.09 | 6.49 
1217 eS * sf os 43.03 1.20 | 1567 | 1794 | 6.04 | 6.46 
*1218 16x3 19x75 3x3x2 4X3Xq%5 31.77 1.46 | 1342 | 1420 | 6.50 | 6.69 
1219 “sa Sf ss ss BO he] 1.38 | 1389 | 1494 | 6.41 | 6.65 
1220 shee § - ss 35.77 1.30 | 1435 | 1567 | 6.33 | 6.62 
1221 ae is ze . 37.77 1.23 | 1481 | 1638 | 6.26 | 6.58 
1222 Sas, ss 2 s BOQ s77 L.17. | 1527 | 1708e| 6.19 m| eos 
1223 “i # s as 41.77 LIL | 1572") 2776" \Guraaosns 
1224 ee 4 ds ss 43.77 1.06 | 1617 | 1843 | 6.08 | 6.49 
*1225 16x3 19X76 3x3x8 4x3x§ 32.49-_| 1.28 | 1392 | 1467 | 6.55 | 6.72 
1226 “ Ss re “ 34.49 1.20 | 1438 | 1541 | 6.46 | 6.68 
1227 “4 ss ss 36.49 1.14 | 1483 | 1614 | 6.37 | 6.65 
1228 “3 : fe cs 38.49 1.08 | 1528 | 1685 | 6.30 | 6.62 
1229 “3 t se ss 40.49 ¥.03 | 1573 | 1755) |-6.23) eGass 
1230 ate = ‘ 42.49 0.98 | 1618 | 1823 | 6.17 | 6.55 
1231 ey ° 3 44.49 | 0.93 | 1662 | 1890 | 611 | 6.52 
F123 16x3 19xzs 3x3x2 AX3X46 | 33:25 1.10 | 1439 | 1516 | 6.58 | 6.76 
1233 “as . ce # 35.21 1.04 | 1484 | 1590 | 6.49 | 6.72 
1234 foe ES es ss 37.21 098 | 1528 | 1663 | 6.41 | 6.68 
1235 one “ % x 39-21 | 0.93 | 1573 | 1734 |-6.33 | 6.65 
1236 “e “ e a 41.21 0.89 | 1617 | 1804 | 6.26 | 6.62 
1237 ets a s 2 43.21 | 0.85 | 1662 | 1872 | 6.20 | 6.58 
1238 Se is %e se 46.21 | 0.81 | 1705 | 1939 | 6.14 | 6.55 
*1239 16x§ 19x75 3x3x2 4x3x3 33.91 0.94 | 1481 | 1565 | 6.61 | 6.79 
1240 16 2 ss SS 35.01 0.89 | 1526 | 1639 | 6.52 | 6.76 
1241 Bey.) - gS ie 37.91 | 0,84 | 1569 | 1712 | 6.43 |) 6:72 
1242 “3 ss .. e 39.91 0.80 | 1614 | 1783 | 6.36 | 6.68 
1243 irs e * Se AI.QI 0.76 | 1658 | 1853 | 6.29 | 6.65 
1244 “in e re ef 43.91 0.73 | 1702" | 1o2T | Gi23mlao.om 
1245 cae ¢ f e 45.91 | 0.70 | 1745 | 1988 | 6.17 | 6.58 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84.—Continiied. 
PROPERTIES OF Top CHoRD SECTIONS. 


Empotes 
° 
Top Chord Sections. 


Four 2 gles 


an 
Three Plates. 


Moments of Radii of Gyra- 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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Plates. Angles Wecens Inertia. tion. 

Se eg aca CO mre aren er ener ee 
ti 2: Ss © . 
Bieaber. Web. Cover. Top. Bottom. SAN Bebe) Aas: 

A e Ta Ip TA TB 
Inches. Inches. Inches. Inches. Inches?. | Inches, |Inches‘.|Inches‘.| Inches. | Inches. 

16” X 19” Section. B Series. : 

*1246 16x35 19x76 33x39x8 | 5x33x3 Bn a7 1.90 | 1271 |.1275 6:38 6.37 
1247 “6 3 % 33-37 | 1.79 | 1320 | 1337 | 6.29 | 6.33 
; ef! 5 iy a oe . Asa) 1.69 | 1368 | 1398 | 6.22 | 6.28 
1249 © aes os = in Bye, 1.60 | 1417 | 1458 | 6.15. | 6.24 
1250 ae ee oe s 39-37 1.52 | 1464 | 1516 | 6.10 | 6.20 
1251 et eS os s 41.37 Tedd) D5LE) |) 1573) || Gos m|nO.1G 
1252 “3 tH Se $e 43-37 1.37 ||-1558 || 1629 |) 6.007 6.14 
*1253 16xE T9xre | 32X35x8 | 5x39XTe | 32.33 | 1.64 | 1345 | 1335 Le ris 

12 * *: : Ss 34-33 | 1.54 | 1393 | 1397 | 6.3 3 
ae Se fy e - s 36.33 1.46 | 1440 | 1458 | 6.30 | 6.33 
1256 “2 i ; Me 38.33 1.38 | 1487 | 1518 | 6.23 | 6.29 
1257 ta x a sf 40.33 1731 | E5340 5576" |G. more 
1258 cial Ks is ns 42.33 £26) |l57O0 | 1633. 6,0 Le eo k 
1259 aes # * 44.33 1.19 | 1625 | 1689 | 6.05 | 6.17 
oe 16x56 19xr6 B5X3axks | 5X3exs Boa, 1.40 ee ae aa = 

I : : . os aoa 1:32) |e04a5On |) ke : : 
te: . i = S ne SP) $25) || PSOne TSO 6.35 s|NOss 
1263 “ss 3 fe o 39.27 T.18) |_T550) | 1579 |) 6.29) |mo.s4 
1264 oe as " 41.27 reiey | atigols | soe || Cwpat |) gfe 
1265 “it ty ie 43.27 1.08 | 1640 | 1694 | 6.15 | 6.26 
1266 ee ¥ e ce 45.27 1:03 o LOSSmIEL7ZSOu|mO.Om mare 2 
1 16x3 19xzs | 33x 2X8 5X33X76 34.21 ney ee Ae oo ae 

8 se * ; 43 36.21 te) : ; 
165 os i" 4 is 4 38.21 1.05 | 1565 | 1579 | 6.39 | 6.42 
1270 “es a a ie 40.21 1.00 | 1610 | 1639 | 6.32 | 6.38 
1271 “3 a % < 42.21 0.95 | 1655 | 1697 | 6.26 | 6.34 
1272 “a4 34 e rs 44.21 0.91 | 1699 | 1754 | 6.20 | 6.30 
1273 ore ES eS v 46.21 0:87 1743") 1810)" 6:14) 16.26 
*1274 16x35 T9xte | 32X33x8 | 5x32x8 35-11 cae ey a eae oe 
ee «Pp ‘3 ES se a 0.85 1622 | 1637 | 6.44 | 6.46 
1277 “ < ce e 41.11 | 0.82 | 1666 | 1697 | 6.36 | 6.42 
1278 c 5° = ‘ i 43-11 0.78 | 1711 | 1755 | 6.29 | 6.38 
1279 nae RS = e: 45.11 0.75 | 1754 | 1812 | 6.23 | 6.34 
1280 fore ce Y oe 47.11 0.72 | 1798 | 1868 | 6.17 | 6.30 


Section 
Number. 


Properties 


fo) 
Top Chord Sections. 


Plates. 


TABLE 84.—Continued. 
PROPERTIES OF Top CHORD SECTIONS. 


Cover. 


Top. 


Inches. 


Inches. 


Bottom. 


Gross Area. 


A 


Eccen- 
tricity. 


Inches. 


Inches?. 


Four Angles 
an 
Three Plates. 


Axis 
A-A,. 


Ia 


. |Inches4. 


Moments of 
Inertia. 


Axis 
B-B. 


Ip 


Inches‘, 


Radii 


Axis 
A-A. 


Ta 


Inches. 


of Gyra- 
tion. 


TB 


*1281 16x85 19x76 3$x33x8 | 5x34x46 | 36.01 0.77 | 1586 | 1573 | 6.64 | 6.60 
1282 36 . - a 38.01 0:73 51630) | 1695s O25 Seu mOssO 
1283 x s % 3 40.01 | 0.69 | 1673 | 1696 | 6.47 | 6.51 
1284 “16 4 F a 42.01 0:66 | 1717-|1756"| 6.39) \NGHo 
1285 3 ss 44.01 0.63 | 1761 | 1814 | 6.32 | 6.42 
1286 «i s ce se 46.01 0.60 | 1803 | 1871 | 6.26 | 6.37 
1287 et Ss a ce 48.01 0.57: || 1847 1927-1 6.200|G6.32 

*1288 16x35 19x76 32X3 2x8 Gx34x¢ 36.89 0.59 | 1632 | 1634 | 6.65 | 6.65 
1289 Ate ‘ - : 38.89 0.56 | 1678 | 1694 | 6.56 | 6.59 
1290 at . s 40.89 0:53 | 1720 «|| 17K" | 6:48 eOsss 
1291 fe ei . se 42.89 O:5I | 1764 | 18i5 "| 6:4teeoro 
1292 ee ss 44.89 0.48 | 1807 | 1873 | 6.34 | 6.46 
1293 ae e as ee 46.89 0.46 | 1850 | 1930 | 6.28 | 6.42 

cc 3 “ce “ ce 
1294 3 48.89 0.44 | 1893 | 1986; 6.22 | 6.37 
16” X 20” Section. A Series. 

E1205 1Ox3, 20x75 3X3X8 4x3x3 29.93 2.21 | 1180 | 1463 | 6.28 | 6.99 
1296 36 : i * 31.93 2.07 | 42329) 1550) (6.21 6.07 
1297 ae * . e 33-93 1.95) | 1282 |. r63 sel Gots Grom 
1298 nae bs - 2 35.93 1.84 | 1332 | 1719 | 6.09 | 6.92 
1299 er c 37-93 1.74 | 1382 | 1801 | 6.04 | 6.89 
1300 wate # 39.93 1.65 | 1431 | 1881 | 5.99 | 6.86 
1301 a - “s e 41.93 | 1.58 | 1478 | 1959 | 5.94 | 6.84 

*1302 16x3 20x75 Bxa in AX3Xq5 30.71 1.97 | 246. | 15194) 6:37 leon 
1303 ae os . 32.71 1.85 | 1297 | 1606 | 6.30 | 7.01 
1304 = >. es % 34.71 1.75 | 1346 | 1691 | 6.23 | 6.98 
1305 Lae . x cs 36.71 1.65 4) 1394 |! 1775 4) (6.16 alNGLos 
1306 ee se , 38.71 1.57] 1442.) 18674). 62101 |, 16:93 
1307 oat . 40.71 1.49 | 1490 | 1937 | 6.05 | 6.90 
1308 A & ce 42.71 1.42 | 1536 | 2015 | 6.00 | 6.87 

*1309 16x%, 20x75 3X3X8 4x3X3 31.47 1.76 | 1306 | 1576 | 6.44 | 7.08 
1310 ‘ 16 i i * 33-47 1.65 | 1355 | 1663 | 6.36 | 7.05 
1311 We * % 35-47 1.56 | 1402 | 1748 | 6.29 | 7.02 
Tan?) “6 4 . 7 37.47 1.48 | 1449 | 1832 | 6.22 | 6.99 
1313 ae 7 * 7 39-47 1.40 | 1496 | 1914 | 6.16 | 6.96 
1314 ae $ 41.47 | 1.33 | 1543 | 1994 | 6.10 | 6.93 
1315 a S a 43-47 1.27 | 1589 | 2072 | 6.05 | 6.90 
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TABLE 84.—Continued. 
PROPERTIES OF Top CHorRD SECTIONS. 


<3 
fe) 
Top Chord Sections. 


Four Angles 
and 
Three Plates. 


Plates. Angles. 3 Monies of pede pag a 
—  [  — ]Gross Area. Eccen- 
Bedion tricity.) Axis | Axis | Axis | Axis 
Number. Web. Cover. Top. Bottom. rit Weta Mab ac 
ee a a ee A e I, Ip TA on 
Inches. Inches. Inches. Inches. Inches?. | Inches. |Inches‘.| Inches}. Inches. | Inches. 

Brs16 1x5 20X16 3x3x8 4x3x9%5 32.00 TeGSeet3O Lele Lose | moss Omi ar7 aie 
G17 16 is “s 34.21 1.46 | 1409 | 1718 | 6.42 | 7.09 
1318 3 2, ‘ _ + 36.21 1.38 |=1455) | 1803) | 6.34) |/97.06 
1319 ate 28.20 Sie Is30) | eISOL WTS 7027 -Ney.0 
1320 2 . s * 40.23 1.25 | 1548 | 1969 | 6.20.] 7.00 
1321 * 16 if < f 42.21 1.19 | 1504 | 2049 | 6.15 | 6.97 
1322 3 44.21 1.13 | 1638 | 2127 | 6.09 | 6.94 

1323 16x 20x76 3X3X5 4x3X5 32.93 ieee |) Ib | e(Sere-ll ua |) Gaits; 
1324 ae is 3 uA 34.93 1.29, 51459: 17720106 AG Ne 7a o 
1325 at 36.93 1.22 | 1504 | 1857 | 6.38 | 7.09 
1326 We Sas i yy 38.93 1.16 | 1550 | 1941 | 6.31 | 7.06 
1327 pas i ae 40.93 1.10) |) 1595) | 2023" 76:24)-17.03 
1328 “ak 3 se A 42.93 TLO55| 104 |) 21035 O21 Gaull 7.00 
1329 ae 4 * Oe 44.93 1.00 | 1685 | 2181 | 6.13 | 6.97 

*1330 16x3 20%a5 Bxais 4x3xit 33-65 P19™ (14605 01739) | O.5On e749 
1331 Seas . ih yen 35-65 1.12 | 1507 | 1826 | 6.50 | 7.16 
1332 i Us H 3 i 37.65 1.06 4) 1550) \|P1opt | 6.42elezat2 
1333 16 39-65 | 1.01 | 1596 | 1995 | 6.35 | 7.09 
1334 pee 4 = 41.65 0.96 | 1641 | 2077 | 6.28 | 7.06 
1335 ate se sé ss 43-65 0.92 | 1686 | 2157 "|" 6:22, 17.03 
1336 wr s s ss 45-65 0.88 | 1730 | 2235 | 6.16 | 7.00 

i337 16x% 20x76 3X3X8 4X34 34.35 1.03 | 1504 | 17094 |=6.62 |7.03 
1338 5 15 i “ : 36.35 0.98 | 1549 | 1881 | 6.53 | 7.19 
1339 oO x x ¥ 38.35 | 0.93 | 1593 |-1966 | 6.45 | 7.16 
1340 16 40.35 0.88 | 1638 | 2050 | 6.37 | 7.13 
1341 “3 fe s ee 42.35 ©.84 | 16827} 2132) 196:30) e710 
1342 “i fs a oc 44.35 0.80 | 1727 | 2212 | 6.24 | 7.06 
1343 23 f§ % ie 46.35 0.77 _| 1770 | 2290 | 6.18 | 7.03 _ 

16” X 20” Section. B Series. . 

*1344 16x5 DOK es lngax 3axS 5X33%8 31.81 1.99 | 1288 | 1473 | 6.36 | 6.80: 
1345 “ cs : 33.81 1-07 | 1339 | 1547) 6.28 "16:76 
1346 “a s e 35-81 1.76) i 1489) |, 1620) || 16:22 11) 6:72 
1347 “ 2 e fe ef 37.81 1.67 | 1437 | 1691 | 6.16 | 6.68 
1348 “3 a xe s 39.81 1.59 | 1485 | 1761 | 6.10 | 6.64 
1349 “an ce a > 41.81 1.51 | 1532 | 1829 | 6.05 | 6.6% 
1350 “eg a a oy 43.81 1.44 | 1579 | 1896 | 6.00 | 6.58 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84.—Continued. 
PROPERTIES OF Top CHORD SECTIONS. 


Four Angles 


Properties 
and 
Three Plates. 


10) 
Top Chord Sections. 


Plates. Angles. Moments of | Radii of Gyra- 


: Inertia. tion. 

Gross Area. roe | 

eae. wry | Axis | Axis | Axis | Axis 
Number. Web. Cover. Top. Botton) eee os Br As p BB 
A e Ta Ip TA Ts 

Inches. Inches. Inches?. | Inches. |Inches#.|Inches‘.| Inches. | Inches. 

16x35 20x76 5X32X16 32.77 1.72 | 1364 | 1541 | 6.45 | 6.85 

aie ss ¥ ry 34.77 1.62 | 1412 | 1615 | 6.37 | 6.81 

1353 aus a : 36.77 | 1.54 | 1459 | 1688 | 6.30 | 6.77 
1354 16 %, rt ¥ 38.77 | 1.46 | 1506 | 1759 | 6.23 | 6.74 
1355 8 : 40.77 | 1.39 | 1553 | 1829 | 6.17 | 6.70 
1356 z a6 j . % 42.77 1.32 | 1599 | 1897 | 6.11 | 6.66 
1357 i ‘ ee ss 44.77 1.26 | 1646 | 1964 | 6.06 | 6.62 
*1358 16x%, 20x16 32%3 2x8 5X3 9X2 33-71 1.49 | 1431.] 1609 | 6.51 | 6.91 
1359 a 76 7 . abaya 140 | 1479 | 1683_| 6.43 | 6.86 
1360 8 >: ss 5 B77 1.33 | 1525. |) 1756 || 613g mjeo.c2 
1361 ae 5 4 ; 39.71 1.26 | 1571 | 1827 | 6.29 | 6.78 
1362 es . re v 41.71 1.20 | 1617 | 1897 | 6.22 | 6.74 
1363 a8 % 2 . 43-71 1.15 | 1661 | 1965 | 6.16 | 6.70 
1364 t j 45.71 1.10 | 1707 | 2032 | 6.11 | 6.66 
*1365 16x5 20x76 33X32X8 | 5X32X16 34.65 . |. 1.26 | 1497 | 1677 | 6.57 | 6.96 
ee 7m 16 cs z 36.65 1.19 | 1543 | 1751 | 6.48 | 6.91 
1367 ae 4 i me 38.65 1.13 | 1588 | 1824 | 6.41 | 6.87 
1368 es ts ‘ hee 40.65 1.07 | 1633 | 1895 | 6.34 | 6.83 
1369 “chy * J : 42.65 1.02 | 1678 | 1965 | 6.27 | 6.79 
1370 ke > es : 44.65 0:98 | 1722) |'2033.|-6:21 eos 
1371 r . 46.65 0.94 | 1767 | 2100 | 6.15 | 6.71 
*1372 16x5 20x75 32X33X8 5X33X8 20.08 1.05 |-1556 |) 1742) 16.68 e700 
1373 pr ae ‘. a 3755 | 0.99 | 1 1816 | 6.53 | 6.95 
1374 ok s 4 a 39-55 | 0.94 | 1644 | 1889 | 6.45 | 6.91 
1375 Bute “ ; AI.55 0.90 | 1698 | 1960 | 6.37 | 6.87 
1376 a "5 cs z 43-55 0.86 | 1733 | 2030 | 6.31 | 6.83 
1377 “ 6 3 ; 45.55 | 0.82 | 1777 | 2098 | 6.24 | 6.78 
1378 iz : 47.55 0.78 | 1822 | 2165 | 6.19 | 6.74 
*1379 16x% 20xzs | 32X32X8 | 5x32x14 | 36.45 0.86 | 1610 | 1808 | 6.64 | 7.04 
agge - 76 i s 38.45 | 0.81 | 1655 | 1882 | 6.56 | 6.99 
Ue em : : 40.45 0.77 | 1698 | 1955 | 6.48 | 6.95 
1382 Be 4 . “s 42.45 0.73 | 1742 | 2026 | 6.41 | 6.91 
1383 anak a si i" 44.45 | 0.70 | 1786 | 2096 | 6.34 | 6.87 
1384 we s) i ‘ 46.45 0.67 | 1829 | 2164 | 6.28 | 6.83 
1385 7 ; 48.45 0.64 | 1873 | 2232 | 6.22 | 6.79 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84.—Continued. 
PROPERTIES OF Tor CHoRD SECTIONS. 


Properties : Four Angles 
' 


of 1 weteone § and 
Top Chord Sections. Three Plates. 


Plates " Moments of Radii of Gyra- 
; Inertia. tion. 


see, Axis Axis Axis 
Section B-B. | A-A. 
Number. Web. 


.|Inches‘.| Inches‘.| Inches. | Inches. 


18” XX 21” Section. A Series. 


3X3X8 4X3X§ 35-43 

(<4 “ 37.68 
39-93 
42.18 
44.43 
46.68 


“ce 
“ce 
“cc 


36.21 
38.46 
40.71 
42.96 
45.21 
47.46 


36.97 
39.22 
41.47 
43-72 
45-97 
48.22 


37-71 
39-96 
42 21 
44 46 
46.71 
48.96 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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Properties 


of 
Top Chord Sections. 


‘ 


TABLE 84.—Continued. 
PROPERTIES OF TOP CHORD SECTIONS. 


Four Angles 
and 
Three Plates. 


Plates. Angles. 
Section 
Number. Web. Cover. Top. Bottom. 
Inches. Inches. Inches. Inches. 
*T4I7 18xz5 21XF Bx3xe 4x3x3 
8 col “ & & 
i¢! 6 eS ce (79 6c 
t4t9 “cc 76 oc oe oe 
#420. (<4 a “ce ce oe 
a Se ce 76 “ce ee “eG 
1422 Z 
*1423 18x75 21x} 3x3x% | 4x3xi4 
ool “ ““ ee 
1404 “c 2, 66 “6 73 
of ae) ce ae i39 ce (79 
re « da “ 6 “ 
deol « 3° “ & “6 
1428 3 
*1429 18xq5 21x} 3x3x3 4x3x3 
(perk “ & & 
. 1430 “ce 25 “cc “ ce 
143% ce Ze ce 6c (14 
Ne ce OF 6c “ee “cc 
1433 “cc 76 “cc “ ce 
1434 4 
18” X 21” Section. 
3 1 1 3 1,3 
*1435 18x35 21X32 32X32x8 | 5X32X8 
* 6 1 sageey fe “ ee “ce 
143 (19 ze 66 Ge ce 
W407 z 25 6c (74 ce 
1438 ce ne oe “ec 6 
1439 (73 fn ee oe oe 
Lago ce aD 6¢ 66 66 
1441 4 
3 1 1 13 ave 
*1442 18x? 21x} 35X35%e -| 5X34Xz6 
t eal ee ce “ “ec 
1443 (79 xe 66 (<4 66 
baat ce 2; ce ce (73 
1445 ce ne “cc ce “ 
1446 “c Eee “ “ 3 
i447 ce ae ce “ce iT 
1448 rs 


Gross Area. 


A 


Inches?, 


38.43 
40.68 
42.93 
45.18 — 
47-43 
49.68 


39-15 
41.40 
43-65 
45.90 
48.15 
50.40 
39.85 
42.10 
44.35 
46.60 


48.85 
51.10 


B Series. 


35.06 
37-31 
39.56 - 
41.81 
44.06 
46.31 
48.56 


36.02 
38.27 
40.52 
42.77 
45.02 
47-27 
49.52 


Eccen- 
tricity. 


1.21 


1.40 


1.14 
1.09 


2.49 
2.34 
2.20 
2.09 
1.98 
1.89 
1.80 


2.21 
2.08 


1.97 
1.86 


077, 
1.69 
1.61 


Moments of | Radii of Gyra- 
Inertia. tion. 

Axis Axis Axis Axis 
A-A. | B-B. | A-A. | B-B. 
I, Ip Ta Tg 

Inches‘. | Inches‘.} Inches. | Inches. 
2021 | 2160 | 7.25 | 7.50 
2088. || 2271 7.075 Ween 
2154 | 2380 | 7.09 | 7-45 
2220 | 2487 | 7.01 | 7.42 
2286 | 2593 | 6.94 | 7.40 
2351 | 2697 | 6.88 | 7.37 | 
2087 | 2227 7-40 mle ve5s 
2153 | 2332 | 7-21 se yea 
2219 \e2AATS | 7203 alah 
2283 | 2548 | 7.05.1) 7aa5 
2348 | 2654 | 6.98 | 7.43 
2412 | 2758 | 6.92 | 7.40 | 
2146 | 2282 | 97:34 | 97.87 oe 
2212 | 2393 | 7-25 | 7-54 
2276 | 2502) | 77 1OWmevaer 
2340 | 2609 | 7.09 | 7.48 
2404 | 2715 | 7.02 | 7.46 
2467 | 2819 | 6.95 | 7.43 
1779 | 1805, |) 7-12 a7 ks 
1853 | 1901 | 7.05 | 7.14 
1925 | 1996 | 6.98 | 7.10 
1995 | 2090 | 6.91 | 7.07 
2065 | 2183 | 6.84 | 7.04 
2935 172275} G:70) eon 
2204 | 2366 | 6.74 | 6.98 
1883 | 1880 } 7.23 | 7.23 
1954 | 1977 | 7-14 | 7.19 
2024 | 2072 | 7.06 | 7.15 
2093 | 2166 | 6.99 | 7.12 
2161 | 2259 | 6.93 | 7.09 
2229 | 2351 | 6.87 | 7.06 
2296 | 2443 | 6.81 | 7.03 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 84.—Continued. 
PROPERTIES OF Tor CHORD SECTIONS. 


Tepe Four Angles 


fo) and 
Top Chord Sections. Three Plates. 
Plates. Angles. Moments of Radii of Gyra- 
Inertia. tion. 
—J|Gross Area. Se — 
Section FER a ee a 
Number. Web. Cover. Top. Bottom. ee : : é é 
A € I, Iz Ta TB 
Inches. Inches. Inches. Inches. Inches?. | Inches.|Inchest.|Inches‘.| Inches.| Inches. 
*1449 18x3 21h 32x32%8 | 5x32x2 | 36.96 | 1.96 | 1975 | 1957 | 7.31 | 7.28 
*T450 “ Se ec ss ee BOT Tere || eras 9] Deke | 72 || Grey 
1451 ey ee a 41.46 ee || PRU | AMG, Ne Gpawl, || Gp 9X0 
1452 eee sf “c mr 43-71 T-O5)y 218m 2242 410 7,00 alae 
1453 ie e ee = 45.96 | 1.57 | 2247 | 2335 | 6.99 | 7.13 
1454 “id <s he s 48.21 1-50) | 2313 |) 2427 | 6193) |/S7n10 
1455 nae ve = e 50.46 | 1.43 | 2379 | 2518 | 6.87 | 7.07 
*1456 18x3 21xy sees | Betas || Seace T-71 2066) "2033 )| 7.38) e732 
“A Vilay ees es B “ 40.15 HS |) ey | exp | Gi Pye) || es) 
1458 ee - ee ce 42.40 Tas 3mle2 200M 2224 ee lOmeee4 
1459 oes = se se 44.65 1.45 | 2266 | 2318 | 7.12 | -7.21 
1460 ae os 3 es 46.90 Te3 Se |9233 1a) e247 Te eos ea eee, 
1461 te ce By sn 49-15 1.32) 2395 | 25034) 6:08 7-14. 
1462 nee a ee se 51.40 1.26 | 2460 | 2594 | 6.92 | 7.10 
*1463 fees © 21x7 ghxgdxd | 5x33x3 38.80 TA Sa le2GAGy || 21 OOms yes atene 7 
*T464 fea < “ es 41.05 HAG) || Bae || Hote || Sev || eRe 
1465 @. ee se be 43-30 123 30e|02 27 OU 220Smie 7225 lea 
1466 ae ef sa Ss 45.55 1-260 2340") 2302 5 Jel an iene 5 
1467 “3 iG e oe 47.80 1 A0) || eAKers || ees || Gateley |) Uaei 
1468 OO ae o ce a 50.05 TUS 2AZOule257 706 ZO2mme7zlS 
1469 ce oe 3 so 52.30 1.10 || 2532 || 2668 | 6;96,| 7-14 
*1470 18x? 21x4 34x34x8 | 5x34x1¢ 39-70 E270 "2224 e2TSO. lean \e 7a 
*T471 ate cs st of 41.95 1-20 | 2288 | 2276 | 7.387 || 7.37 
1472 a .; . m 44.20 | 1.14 | 2351 | 2371 | 7.29 | 7.33 
1473 2 ae $s * _ 46.45 | 1.09 | 2415 | 2465 | 7.21 | 7.29 
1474 oe - i 48.70 | 1.04 | 2478 | 2558 | 7.13 | 7-25 
1475 es cs oa ss 50.95 O19O8 |k2542) |" 26050) 772068 7-20 
1476 oe tg 4 53-20 0.95 | 2604 | 2741 | 7.00 | 7.18 
*1477 18x? 21x} gaxghxe | 5x35xo 40.58 TOS) 22030482255) ees le eas 
*1478 ats 4 as se 42.83 Tigoy) || Ai || orion |] Gayiiey 8| arin 
1479 oe i a : 45.08 | 0.97 | 2419 | 2446 | 7.32 | 7.37 
1480 sts os : i 47-33 | 0.93 | 2481 | 2540 | 7.24 | 7.33 
1481 cane 4 i 49.58 OBO ml 2540n |e 2O33m I 7aLONln7E29 
1482 Oe 4s - is 51.83 ©.85 | 2607 | 2725 || 7.09 | 7.25 
1483 ee w a 54.08 O18 | 2070028067203) feet 
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TABLE 84.—Continued. 
PROPERTIES OF Top CHORD SECTIONS. 


Properties é rn Four Angles 
of 2 eae and 
Top Chord Sections. Three Plates. — 


Plates. : Moments of | Radii of Gyra- 
E Inertia. tion. 
Gross Area. eae 
“| Axis | Axis | Axis | Axis 


Section = iS a ag 
Number. Web. Cover. Top. sgn ee 2 | siaticiniah whan ic 
A e€ I, Ip Ta Tg 


Inches. Inches. Inches. Inches. Inches?. | Inches. Inches‘. | Inchest.| Inches. |Inches. 


18” X 22” Section. A Series. 


3X3X8 g 35-93 | 2.65 | 1735 

- 38.18 2.49 | I8II 
40.43 2.35 | 1885 
42.68 2.230) LOS 7 
44.93 DAL P2028 
47.18 2099 


Jes als 


1ooou 
It oF 


ol 
DUA 00 0 
YISON 
SENS Sea 
Ow auN 
HON AN 


Rilo! 


36.71 1823 
38.96 : 1896 
41.21 x 1g68 
43.46 : 2038 
45.71 : 2108 
47.96~ | 1. 2177 


18xq5 
1 
2 
“9 


7) 


4 ol crt | 
i 


SI W000 O 
Onn on N 


oO 


ADNAADT AAHAHO 


wlooH| 
NINININI @ 00 
bb Ooo # 


Ni 
aN 


37-47 . 1904. 
39-72 . 1975 
41.97 : 2045 
44.22 : 2114 
46.47 : 2182 
48.72 : 2250 


| BOL 
alerols 


Lo0|en 
m 


NNW OOO 
MANO BWU 


aie 
2) 


38.21 : 1979 
40.46 : 2048 
42.71 : 2117 
44.96 ‘ 2184 
47.21 ; 2251 
49.46 : 2318 


role 
Josrols 


a 


1504 
1505 
1506 
1507 


t= color 
i 


7 


SS meoMoolc Koo Nooe 
CoOOW;MN SO! 


[co 


*1508 5 38.93 ; 2049 
1509 B5; 41.18 3 2118 
1510 43.43 : 2185 
I511 45.68 : 2251 
1512 47.93 ; 2317 
1513 50.18 : 2383 


MYNVVW VIVVVY PAV YA ATTs 


~woaM onow 
Ae ACOW 
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Eropertics 


fe) 
Top Chord Sections. 


TABLE 84.—Continued. 


PROPERTIES OF Top CuHorD SECTIONS. 


Four Angles 


an 
Three Plates. 


Section 


Number. 


Plates. Moments of Radii of Gyra- 
Inertia. tion. 
Gross Area. eo 
mery<| axis | Axis | Axis | Axis 
Web Cover Top Bottom ACA B-B. | A-A. | B-B. 
; A e I, Ip TA TB 
Inches. Inches Inches, Inches Inches?. | Inches. |Inches‘.|Inches‘.| Inches. | Inches. 
18x75 22K 3x3x% 4x3x46 39-65 E65) (2 UtGa 25th e720. |e7 Go 
ee ee : # 41.90 1.57 | 2183 | 2640 | 7.22 | 7.94 
“3 i ~ 44.15 | 1.49 | 2249 | 2765 | 7.14 | 7.92 
Bee "§ < ae 46.40 1.41 | 2314 | 2888 | 7.06 | 7.89 
ere i ie ce 48.65 1.34 | 2379 | 3010 | 6.99 | 7.87 
ue s rs is 50.90 | 1.29 | 2444 | 3130 | 6.93 | 7.84 
18x75 22x% 3x3Ke 4x3xi 40.35 1.49 | 2177 |. 2581 | 7.35 | 8.00 
ee s e S 42.60 1.41 | 2243 | 2708 | 7.26 | 7.97 
hie ‘3 = ~ 44.85 | 1.34 | 2308 | 2833 | 7.17 | 7-95 
ene s ie s 47.10 1.28) 123720) 2956 | 7.09) {07.92 
“i¢ * av if 49-35 | 1.22 | 2437 | 3078 | 7.03 | 7.90 
“3 dy | we 51.60 1-17 2501) || 3198 |) 6:96m107-07 
18” X 22” Section. B Series. 
18x3 22x} peSpss || eeSeess 25 FO.) [2.50 |eESOL | 2052 |h 7.149 |) 7,00 
“ae s ie os 37.81 Phe N Gbsee? || WSS || SAO || Gs? 
abe; a “ eS 40.06 2.30 | 1950 | 2277 | 6.98 | 7.54 
“< ss a s 42.31 Z07a | 20219 92380) | 6.920e 7451 
“3 is - ‘ 44.56 2.06 | 2093 | 2493 | 6.86 | 7.48 
1 . 3 is 46.81 1.96 | 2163 | 2599 | 6.80 | 7.45 
ane 49.06 1.87" 02232) 27021 =O. 75 eed a 
18x? 22x} 34x34x3 | 5x3hxis | 36.52 23h | 1906) | 2137 4"7.230|" 7:65 
“ S ee 38.77 ZUG LOZ Ss e225 Owl il peal 7c 02 
eo se ef 4 41.02 21068 22040) 23005 |= 707 a 7259 
oo sé ee ce 43.27 Kay || ees) | OYE) |) Case) )) “Ass 
er 4 ‘ ¥ 45.52 | 1.85 | 2188 | 2577 | 6.93 | 7.53 
«iu cf . G 47.77 1276) 022570 2003) O87 7.50 
“3 §§ Ad se 50.02 T.09) 92324) 92787) | O.820 e747, 
18x2 22x} 33x3eKE | 5X35xo 37.46 BOS, |R2002 s 182222. le 7acmet nO 
“76 i: ie 39-71 | 1.93 | 2072 | 2335 | 7.22 | 7.67 
og ee ct os 41.96 1.83 | 2141 | 2446 | 7.14 | 7.64 
“ se “ oe 44.21 E-7As 922081 ns 555 10-7.00 alli 7.00 
co WY se “ 46.46 TOS m 2270820028 7,008 [men 
ean e a ca 48.71 05002543 slo 7058\e Oo4ie ac 4 
gia) cs & a 50.96 1.15 | 2409 | 2872 | 6.88 | 7.51 
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Properties 


of 
Top Chord Sections. 


TABLE 84.—Continued. 
Tor CHORD SECTIONS. 


PROPERTIES OF 


Four Aniige 


an 
Three Plates. 


ne oe || eee a ae 
= Gross Area. bars co 
ae Y) axis | Axis | Axis Axis | 

Number. Web Cover. Top. Bottom. Aes | BeBe ieee! 

A e 1 Ig FA, TB 
Inches Inches. Inches Inches. Inches?. | Inches. |Inches‘.|Inches‘.| Inches. | Inches. 

*1547 18x3 ie 33X39xe | 5x3hxq5 38.40 {.81 | °2093))| 2306.) 7.38 mya 
*1548 Oot +: es es 40.65 E.70 | °206E | 2419)" 7220 eaey I 
1549 See cs i 42.90 | 1.62 | 2229 | 2530 | 7.21 | 7.68 
1550 pie - i -3 45-15 | 1.54 | 2294 | 2639 | 7.13 | 7-64 
1551 s ss 47.40 1.47 | 23601-2746); 77-06 107.0% 
1552 Sueae ae e ss 49.65 1.40 | 2426 | 2852 | 6.99 | 7.58 
1553 ee: be “es es 51.90 | 1.34 | 2491 | 2956 | 6.93 | 7.54 
*I554 18x? 22%5 34x34xe | 5x3ix$ 39-30 1.58 | 2177 | 2388 | 7.44 | 7.80 
*1555 | ive ‘ is = 41.55 | 1.50 | 2243 | 2502 | 7.35 | 7-76 
1556 ae ¢ ss ss 43.80. - |, 1.42'-|) 230992613 "|= 7-2Oml area 
1557 pes ei ss if 46.05 1.35 | 2373 | 2722 | 7.18 | 7.69 
1558 ee s $ fs 48.30 1:29} 2438. |.2820/4|) 7.11 | 97.66 
1559 “38 “ “ 50.55 1.23 | 2502 | 2935 | 7.04 | 7.62 
1560 ae et oe ss a 52.80 1.18 | 2566193036) 56:07 s\a7e50 

*1561 18x3 22 33x339x¢ | 5x33x24 | 40.20 1:37 42256 |) 24707) 7-49 a 704 

*1562 , 16 ‘ % ie 42.45 1.30 | 2320 | 2584 | 7.39 | 7.80 
1563 he . . 44.70 | 1.24] 2385 | 2695 |.7.30 } 7.77 
1564 16 xe ie 46.95 | 1.18 | 2448 |-2804 } 7.22 | 7-73 
1565 ose s = e 49.20 1-12) || 2502 2011s a7 Seale OO 
1566 aes - e “ 51.45 1.07 | 2576 | 3017 | 7.08 | 7.66 
1567 hee x ee ae 53-70 | 1.03 | 2639 | 3121 | 7.01 | 7.63 

*1568 18x# 2UEF 33X39xe | 5x34x3 41.08 1.18 | 2326, | 2ees (ean eo 

*1569 ite Z . 43.33 | 1.12 | 2390 | 2667 | 7.43 | 7.85 
1570 es is ¥ ss 45.58 1.06 | 2454 | 2778 | 7.34 | 7.81 
1571 onee 5, 3 47.83 L.OL) #82506, 288707. e a eee 
1572 es F : ‘ 50.08 | 0.97 | 2579 | 2994 | 7-17 | 7-73 
1573 a3. $s s ; 52.33 0:93. | 2642") ‘3100714 7.1.1 i770 
1574 4 4 54.58 0.89 | 2705 | 3204 | 7.04 | 7.66 

A Series. 

"tists 20x} 23X> 35X39x8 | 5X32X$ 42.56 2.51 2530 22607 ae Zid aeRO, 
1576 16 i: . fe 45.06 2.37 | 2628 | 2836 | 7.64 } 7.94 
1577 pas i is % 47.56 | 2.25 | 2724 | 2973 | 7-57 | 7.91 
1578 one 2 Bs 50.06 2103) -| 2820 | S1074\" 7B ess 
1579 4 : 52.56 | 2.03 | 2914 | 3239 | 7-45 | 7.85 
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<¥ TABLE 84.—Continued. 
PROPERTIES OF Top CHORD SECTIONS. 


Properties 


Four Angles 
of d 
Top Chord Sections. 


an 
Three Plates. 


Plates. Angles. Meee oe 
Gross Area.| Eccen- ; : : 
Section aA eM 
Number. Web. Cover. Top. Bottom. ge ae a= ; 
A e JON Iz TA Tz 
Inches. Inches. Inches. Inches. Inches?. | Inches. |Inches‘.|.nches‘.| Inches.} Inches. 
*1580 20x} 23X3 3aX3axXe | 5x33xq5 | 43.52 | 2.25 | 2655 | 2790 | 7.81 | 8.01 
1581 “5 i <6 ec 46.02 | 2.13 | 2750 | 2929 | 7.73 | 7.98 
1582 te a Ss ne 48.52 | 2.02 | 2844 | 3066 | 7.66 | 7.95 
1583 eae i ce ee 51.02 | 1.92 | 2938 | 3200 | 7.59 | 7.92 
1584 oe: * % # 53s5 2" |) 1.83. | 50204) (33925) -752nee co 
*1585 20x} 23X5 39%3ax¢ | 5x34x} 44.46 2.02 | 2769 | 2884 | 7.89 | 8.06 
1586 cts a fe s 46.96 | 1.91 | 2862 | 3023 | 7.81 | 8.03 
1587 ee eS : ee 49.46 | 1.82 | 2954 | 3160 | 7.73 | 8.00 
1588 at a 51.96 | 1.73 | 3046 | 3294 | 7.66 | 7.96 
1589 me ia x “ 54.46 | 1.65 | 3136 | 3426 | 7.59 | 7.93 
*1590 20x} 23x 33%39x8 | sxzdxgs | 45.40 1.79 | 2880 | 2978 | 7.97 | 8.10 
1591 ey 3 . of 4 47.90 1.70 | 2971 | 3117 | 7.89 | 8.07 
1592 ae a & <é 50.40 | 1.62 | 3061 | 3254 | 7.80 | 8.04 
1593 ea < : - 52.90. | 1.54 | 3151 | 3388 | 7.72 | 8.00 
1594 ae + i - 55-40 | 1.47 | 3239 | 3520 | 7.64 | 7.97 
*1595 20K> 23%, 33x39x8 | 5x33x3 46.30 1.59 | 2980 | 3068 | 8.03 | 8.14 
1596 “ae os a ‘6 48.80 L250 | BOO: ||| F207 e7-03 nt os Et 
1597 ek = x s 51.30 | 1.43 | 3158 | 3344 | 7.85 | 8.07 
1598 “ie - . ‘ 53-80 | 1.36 | 3247 | 3478 | 7.77 | 8.04 
1599 ne | 22 fe es 56.30 130 3354 |) JOLOs | ya7OmlS.Or 
*1600 20x¥ 23x% speteeg: | ipaeee || Lune 1.39 | 3077 | 3159 | 8.08 | 8.18 
1601 “ im eS es 49.70 1.32 | 3164 | 3298 | 7.98 | 8.14 
1602 3 ss ve = 52.20 T2625 34S 7 OOM monnl 
1603 «it «e wy G 54.70 1.20 | 3339 | 3569 | 7.82 | 8.08 
1604. ay Md es 4 57-20 WAG 3426 es 700 7. 7d aOLOS 
*1605 20x} 23x4 BEx3aKe | 5x35Ke 48.08 T20 |°3t64) | 3257") Sita] 8.23 
1606 <s = sé 50.58 1.15 | 3250 | 3390 | 8.02 | 8.19 
1607 Pat q a 53.08 | 1.09 | 3336 | 3527 | 7-93 | 8.15 
1608 es E = MS 55.58 1.04 | 3423 | 3661 | 7.85 | 8.12 
1609 pe $ & & 58.08 T1000 | 3500)/947035), 727.7 4 s.08 
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Section 
Number. 


Properties 


of 
Top Chord Sections. 


Plates. 


TABLE 84.—Continued. 


Angles. 


Web. Cover. 


Inches. Inches. 


1629 
1630 
1631 
1632 
1633 


*1634 
1635 
1636 
1637 
1638 
1639 


Top. Bottom. 


Inches. Inches. 


Gross Area. 


A 


Inches?, 


20” X 23” Section. 


B Series. 


—_____ 


7 
Brak 


43.98 
46.48 
48.98 
51.48 
53.98 
56.48 


45.12 
47.62 
50.12 


52.62 
55-02 
57-62 


46.24 
48.74 
51.24 
53-74 
56.24 
58.74 


47-34 
49.84 
52.34 
54.84 
57-34 
59.84 


48.42 
50.92 
53-42 
55-92 
58.42 
60.92 


PROPERTIES OF ToP CHORD SECTIONS. 


Eccen- 
tricity. 


e 


Inches. 


Four Andee 


an 
Three Plates. 


Moments of 
Inertia. 


Axis 
B-B. 


Axis 
A-A. 


I, Iz 


Inches‘. 


2782 
2877 
2973 
3066 
3158 
3250 


2919 
3012 
3.104 
3195 
3285 7 
3376 


3050 
3140 
3230 
3319 
3408 
3497 


3170 
3258 
3347 
3434 
3521 
3609 


3279 
3366 
3453 
3539 
3625 
3712 
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Axis 


AA. 


EA * 


Inches!.| Inches. 


Radii of Gyra- 
ti 


ANN NI 0000 
OOF ON OV 


ome oNeRNe) NININI © GO 
mHUL0 & ON 


SSN ae ia G epee tea 
Easy 


TABLE 84.—Continued. 
PROPERTIES OF Top CHoRD SECTIONS. 


Properties 
fe) 
Top Chord Sections. 


Four Angles 
and 
Three Plates. 


Plates. Moments of | Radii of Gyra- 
Becene Inertia. tion. 
Gross Area.| tricity. Z ; 5 3 
Number. Web. Cover. Top. Bottom. peaieis z 5 ‘ 
A e Ta Ip Ta TB 
Inches Inches Inches. Inches. Inches’. /Inches. |Inches‘.|Inches‘.| Inches. | Inches. 
*1640 20X45 Deore 4x4xq5 6x4x4 49.50 T.06 3384 | 3265 018:27 8.12 
1641 “4 ss ss 4 52.00 1.01 | 3470 | 3389 | 8.17 | 8.07 
1642 “3 o S i 54.50 0.96 | 3556 | 3510 | 8.08 | 8.02 
1643 ue 4 e es 57.00 | 0.92 | 3641 | 3629 | 7.99 | 7.98 
1644 aay 1 rg = 59.50 | 0.88 | 3726 | 3746 | 7.91 | 7.93 
1645 snd ik ee cs 62.00 0.85 | 38tz | 3861 | 7.84 | 7.89 __ 


20” X 24” Section. A Series. 


*1646 20x}, 2 XT6 32%33%8 5X32x8 44.56 2:87 \e2o5n |stosel 72.70 alimors 5 
nat 16 : ie 2.71 2754 Wee a 8:33 
164 a. ; ; - 49.5 2.57 | 2855 | 3418 | 7.59 | 8.3 

1649 “36 “ _ “ 52.06 | 2.45 | 2954 | 3572 | 7-54 | 8.29 
1650 id ; 54-56 | 2.34 | 3051 | 3724 | 7.48 | 8.27 
*r6ug 20x} 24Xx— | 33x35x8 | sxzhxds | 45.52 2.61 | 2784 | 3207 | 7.82 | 8.39 
os . 16 - me 5 48.02 #4 ee 3365 ye ey 
1653 485 : S G 50.52 2.3 2980: | 3525.) 7. s 

1654 3 ia . 4 es Re ioy) 2:25) | 30774 (3675 ml 762 0 no.3 2 
1655 ez, ~ ‘: if 55-52 | 2.14 | 3173 | 3827 | 7.56 | 8.30 
*1656 20x Wisc || Geewicegs || Brel ods 46.46 2.38 | 2907 | 3310 | 7.91 | 8.44 
1657 3 76 a , Oe 2.26 3003 340° BS ee 
1658 aa a 2 51.4 2.15 | 3098 | 3624 ; 39 
1659 “5g ; ce a 53-96 | 2.05 | 3193 | 3778 | 7.69 | 8.37 
1660 ate oa A cS 56.46 1.96 | 3286 | 3930 | 7.63 | 8.34 
*T661 20x} BAS; | 34x3axe | 5x3aXa6 | 47.40 2.16 | 3024 | 3413 | 7.98 | 8.49 
1662 sre e S se 49.90 2.05 | 3118 | 3571 | 7.90 | 8.46 
1663 cone ss 2 s 52.40 T2985) (P320E 1 37270 7.83) leona 4. 
1664 “a4 < ce ie 54.90 1.86 | 3305 | 3881 | 7.76 | 8.41 
1665 ee “| 4 d 57-40 | 1.78 | 3396 | 4033 | 7-69 | 8.38 


T1600" | | 20X75 24xfs | 34x32x3 | 5x32x% 48.30 TOS) S132 GSTs) S.Osm I S-63 
1667 “ x rs - 50.80 1.86 | 3224 | 3671 | 7.97 | 8-50 
1668 be es = 7 53-30 | 1-77 | 3315 | 3827 | 7-89 | 8.47 
1669 «i oo ee ‘ 55.80 iGioy || Vey || sors || Gey |) Sew! 
1670 St . z - §8.30 | 1.62 |! 3497 | 4133 | 7.74 | 8.42 
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TABLE 84.—Continued. 
PROPERTIES OF ToP CHORD SECTIONS. 


Properties F [aie f Four Angles 


0 j z 5 Saar an 
Top Chord Sections. ‘ Three Plates. 


Plates. Moments of Radii of Gyra- 
Inertia. tion. 

Eccen- 
Section tricity.) axis | Axis | Axis 
Number. : Top. Battoie A-A. |) B=B. | A-A; 


Gross Area. 


A e Ia Ip ra Tg 


Inches. Inches. Inches. Inches?. | Inches. |Inches‘.|Inches‘.| Inches. | Inches. 


a 


*1671 24X3%5 5X32X46 49.20 1:70. | 3234) (901g eI Sou Ee | eoesy7 
1672 7: is 51.70 1.67 | 3325 | 3771 | 8.02 | 8.54 
1673 > 54:20 1.60 | 3414 | 3927 | 7.94 | 8.51 
1674 56.70 1.53 | 3504 | 4081 | -7.86 | 8.48 
1675 59.20 | 1.46 | 3593 | 4233 | 7-79 | 8.45 

BIG76 50.08 1.57 |. 3329 | 37 del Sat5 ul 8.0% 
1677 52.58 1.50 | 3418 | 3872 | 8.06 | 8.58 
1678 55.08 1.43 | 3506 | 4028.) “7-O8limougs 
1679 57-58 | 1.37 | 3595 | 4182 | 7-90 | 8.52 
1680 60.08 1.31 || 3683 43341] 7-83 |eS.49 


20’ X 24’ Section. B Series. 


leaked AL 
ls Ie 


| 


oO 


NIR PlOH 


pt GO| Crt be 
[a ae 


2 


[oor 


*T681 
1682 
1683 
1684 
1685 
1686 


*1687 
1688 
1689 
1690 
1691 
1692 

*1693 
1694 
1695 
1696 
1697 
1698 

*1699 
1700 
1701 
1702 


Js 


4xqxqs | O6x4xq5-°| 45.98 2.65 | 2910 | 3134 | 7-95 | 8.26 
i 3 48.48 2.51 | 3009 | 3276 | 7.88 | 8.22 
50.98 2.39 |) 3108 eS 4ne ale 7. 80 a goss 
53-491 2:28 2205 i eee oils 7e7 seen 
55.98 2.17 ||| 3300) 93687 )| 7268 Sls ate 

58.48 2.08 | 3396 | 3820 | 7.62 


47.12 2.37 | 3056 | -3257 {8.05 
49:62 | 2.25 | 3152 | 3399 | 7-97 
52.12 2.14 | 3248 | 3538 
54.62 | 2.05 | 3343 | 3675 
B7ele 1.96 | 3435 | 3810 
59.62 | 1.87 3943 


48.24 2.11 3375 
50.74 | 2.01 3517 
53-24 1.91 3656 
55-74 | 1.83 3793 
58.24 1.75 3928 
60.74. 1.68 4061 


49-34 1.87 3495 
51.84 1.78 3637 
54-34 | 1.70 6 | 3776 
56.84 | 1.62 3913 
1703 59-34 | 1.55 4048 
1704 61.84 1.49 4181 
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TABLE 84.—Continued. 
PROPERTIES OF Tor CHORD SECTIONS. 


Properties 
of 
Top Chord Sections. 


Four Angles 


an 
Three Plates. 


Plates. Angles Moments of | Radii of Gyra- 
Inertia. tion. 
Gross Area. oe =e 
action meny*| Axis | Axis | Axis | Axis 
Number. Web. Cover. Top. Botton ASA) B=Bo)| A-Ajn |) BBs 
A e Ta Ip Ea? Tp 
Inches. __Inches. Inches. Inches. Inches?. | Inches.|Inches*.|Inches‘.| Inches.| Inches. 

*1 705 20x75 24X16 4X4X76 6x4xd5 50.42 1.64 | 3442 | 3615 | 8.26 | 8.47 
1706 Wes * ‘ ‘ $2.92 | 1.57 | 4530 | 3757 | 8.17 8.43 
1707 « 2 “4 vs s 55-42 1.50 | 3620 | 3896 | 8.08 | 8.39 
1708 at. ; cf 57-92 1.43 | 3708 | 4033 | 8.00 | 8.35 
1709 aie yi sf 60.42 1.37 | 3796 | 4168 | 7.93 | 8.31 
1710 7 eS cs 62.92 1532 993885) |) 4301n 7 COM |Eo.27) 

aa 20x75 2 xis 4X4X16 Ox4xi 51.50 TAG S54. 373 2m loss Te ore. 

Aes Eu Z é; 54.00 1.36 | 3642 | 3875 | 8.21 | 8.47 

1713 Pare < . - 56.50 1.30 | 3730 | 4014 | 8.12 | 8.43 

1714 nate - ss : 59.00 1.25 | 3817 | 4151 | 8.04 | 8.39 

1715 aie x Z = 61.50 T2003 O04 4 280m 7107 arora ie 

1716 a 64.00 TODS) 183992 |) 44.195 7.90) lmo.gt 
22” X 25” Section. A Series. 

*1717 22x76 | 25Xig |32X32X16| 5x33x2 | 52.55 | 2.57 | 3839 | 4129 | 8.55 | 8.87 
1718 aes y i re 55.30° | 2.44 | 3967 | 4323 | 8.47 | 8.84 
1719 ce 58.05 2.33 | 4093 | 4514 | 8.40 | 8.82 
1720 <3 My = oe 60.80 2.22 | 4219 | 4703 | 8.33 | 8.80 

*1721 22x | 25xie |32X39Xr6 | 5x32xx6 | 53-49 | 2.35 | 3983 | 4242 | 8.63 | 8.90 
1722 hae . 5 rs 56.24 2.24 | 4108 | 4436 | 8.54 | 8.88 
1723 a6 58.99 2.14 | 4232 | 4627 | 8.47 | 8.86 
1724 ee i. % Y 61.74 | 2.04 | 4355 | 4816 | 8.40 | 8.83 

e725 22x76 25X16 32%X32%16 5X3 2X8 54.39 2.15 | 4116 | 4350 | 8.70 | 8.94 
1726 oe: ; Ee Z 57.14 2.05 | 4238 | 4544 | 8.61 | 8.92 
1727 te 59.89 | 1.95 | 4361 | 4735 | 8.53 | 8.89 
1728 ae es se i 62.64 1.86 | 4483 | 4924 | 8.46 | 8.87 

*1729 22xie | 25Xig |32%32xr6| 5x32xi6 | 55.29 | 1.96 | 4242 | 4460 | 8.76 | 8.98 
1730 3 : 58.04 1.86 | 4363 | 4654 | 8.67 | 8.96 
1731 Te - ‘ 60.79 | 1.78 | 4483 | 4845 | 8.59 | 8.93 
1732 Ore “ ce e 63.54 1.70 | 4603 | 5034 | 8.51 | 8.90 
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TABLE 84.—Continued. 
PROPERTIES OF Top CHORD SECTIONS. 


Properties / l Four Angles 
fo} 3 = a. a an 
Top Chord Sections. Three Plates. 


Plates. : Moments of | Radii of Gyra- 
Inertia. tion. 
Gross Area. se ee : 
: s Axis Axis Axis 
ae . | BeBe | AcAw|cBeBe 


A e Ip ra Tp 


Inches. 5 Inches?. | Inches. |Inches‘.|Inches‘.| Inches. | Inches. 


*1733 25X16 56.17 | 1.77 | 4361 | 4570 | 8.81 | 9. 
1734 # 58.92 1.69 | 4480 | 4764 | 8.72 . 
55 | 8. 


1735 61.67 1.62 | 4598 | 4955 


02 
998 
96 | 

1736 64.42 . 4710 | 5144 93 


22’ X 25” Section. B’Series. 
51737 6X4X3 52.18 : 3974 
1738 4 54-93 : 4102 
1739 57.68 . 4227 
1740 60.43 . 4351 
1741 63.18 ‘ 4473 


"1742 53-30 : AI4I 
1743 56.05 : 4265 
1744 58.80 é 4388 
1745 61-55 : 4509 
1746 64.30 : 4630 


pt | O71 bm 
i a 
NM 
S 


| 
oes 


a 


DADS ARADD 
OSON OF UM CON MO 


wRloH 


Ne) 


*1747 
*1748 
1749 
1750 
1751 


54-40 : 4299 
57-15 . 4419 
59-90 ‘78 | 4539 
62.65 : 4659 
65.40 i 4778 


bole 
ale 


+ cofen] 
* 


Plor| 
r) 


51752 55.48 444i 
1753 58.23 4560 
1754 60.98 : 4678 
1755 63.73 : 4796 
1756 66.48 4913 


90.90 90.9090 90. 90.00.90.90 90 90 G0 G0 « 
DAN CO WMOaNN CO BNO 


OnMmamnnm Fd OUWY)O 


S1757 56.56 4580 
1758 59.31 ; 4697 
1759 : 62,06 5 4814 
1760 64.81 ; 4930 
1761 67.56 | 1.27 | 5046 


Go G0 G0.G0.99 99.90. 90.90.90 99.90.90 99 99 G0.90.G0. 90.9090 90 90 G0 G0 


NNW OOOO Aw I Coo HAANNN 
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TABLE 84.—Continued. 
PROPERTIES OF Top CHorD SECTIONS. 


Properties Four Angles 
of : a oa and 
Top Chord Sections. Three Plates. 


Moments of Radii of Gyra- 


Inertia. tion. 
Gross Area. ee a ; We oe re 
Section a xis s Axis | xis 
Number. 5 Cover. : A-A. B-B. A-A. B-B. 


Plates. 


A e itn Ig TA TB 


Inches. Inches. Inches. Inches?. | Inches. |Inches‘.|Inches‘.} Inches. | Inches. 


we) 
3 
es 
2 


22!’ X 26” Section. A Series. 


vd 

ba 

tal 
|e 


*1762 
1763 
1764 
1765 

*1766 
1767 
1768 
1769 


*1770 
1771 
1772 
1773 


*1774 
1775 
1776 
1777 


*1778 
1779 
1780 
1781 


oO 


2055 | 5x39xe 54-74 : 4006 | 4681 | 8.56 
x . 57-49 . 4138 | 4901 | 8.48 
60.24 : 4270 | 5116 | 8.41 
62.99 : 4402 | 5326 | 8.36 
26x3 fs | 55.68 : 4160 | 4804 
- y 58.43 . 4289 | 5024 
61.18 : 4418 | 5239 
63.93 36 | 4546 | 5449 


56.58 | 2.51 | 4300 | 4923 

59-33 : 4427 | 5143 

62.08 | 2.29 | 4554 | 5358 

64.83 : 4679 | 5568 

57-48 ; 4436 | 5042 

ee: : 4502 5262 

2.9) . 4 5477 

65.73 . 4809 | 5687 

32X33X16 58.36 : 4560 | 5163 
% 61.11 : 4684 | 5383 
‘ 63.86 : 4806 | 5598 
tS 66.61 : 4927 | 5808 


a 
a 
t+ 20) 71 


. 
a 
It 


“cc 


“ce 


‘a 
moti 
|e 2 


dS 

ab 

P4 
eek salen 
i) 


eres “yap 
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ae 
sb 
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nn 
rar 
oe 


|e wlco 
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HA Co ]erv | 
oe 


na 6 
na an AK 
[a al 


S& 

iS) 
ame ilo] 
peso Fes 


oN 
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a 
oO 


AS 
a 
Plc} 


22" X 26’ Section. B Series. 


1782 
*1783 
1784. 
1785 
1786 
*1787 
*1788 
1789 
1790 
1791 


4x4xzg | Ox4x2 54.37 4148 
& -f 57-12 3 4280 
59.87 . 4410 

62.62 : 4538 

65.37 é 4664. 


4x4xz@ | Ox4xz— | 55.49 57 | 4325 
C yf 58.24 . 4453 
60.99 ; 4580 

63.74 . 4705 

66.49 : 4829 


n na cal pate 
PEE RSS 
tal 
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TABLE 84.—Continued. 
PROPERTIES OF Top CHORD SECTIONS. 


Properties ; | Four Angles 
“ z praca an 
Top Chord Sections. d Three Plates. 


Gross Area.| Eccen- 


Moments of | Radii of Gyra- 
Inertia. tion. 


Section tmeity-) axis | Axis | Axis 
Number. - : Bottom. A-A. | B-B. | AWA. 


A e Ta Ip Ta 


Inches. Inches. Inches’. | Inches. | Inches‘.|Inches‘.| Inches. 


4x4xi5 | Ox4xs 56.59 | 2.33 | 4490 | 4761 

59.34 | 2.23 | 4614 | 4958 
62.09 2alZ>\eA7 3 Oe Ske 
64.84 2.04, | 4861 | 5344 
67-59 | 1.95 | 4984 | 5533 
57-67 2.11 | 4642 | 4904 
60.42 2.02 | 4764 | 5101 
63.17 1.93 | 4886 | 5295 
65.92 1.85 | 5007 | 5487 
68.67 1.77 | 5128 | 5676 


58.75 | 1.90 | 4790 | 5046 
61.50 1.8I | 491I | 5243 


fe 


pt O00 | 
_ 7) 


NIF Blo 
2) 


mle 


nb O ON O OF DN 


(ete are 
ee 


6 


Bx 


as 
3 
4 
oh 
2 


Ble 


at C0 rt | 
a 


64-25 | 1.73 | 5031 | 5437 
67:00. | 1.66 | 5150 | 5629 
69.75 1.60 | 5268 | 5818 


oO 


90 90.90 G0\9 90 99.90.90 9000 90 90 G0 G0 
AN OO O ON ®DWOO NW AN WO 


DIAS 


[Co 


22” X 28” Section. 


| 


*1807 } : 6x4x¥ 57.47 4326 | 5601 
1808 re 60.22 : 4457 | 5844 
1809 sf 62.97 ; 4586 | 6083 
1810 ee 65.72 4714 | 6320 

*I811 3 6x4xq°5 58.59 4502 | 5771 
1812 os 61.34 : 4630 | 6014 
1813 me 64.09 : 4756 | 6253 


On 


1814 ss 66.84. 4881 | 6490 


*1815 6x4x$ 59.69 4666 | 5939 
1816 S 62.44 2.20 | 4791 | 6182 
1817 ie 65.19 2.10 | 4916 | 6421 
1818 ; * 67.94 2.02 | 5038 | 6658 

*1819 ix4x 6x4xtt 60.77 2.09 | 4818 | 6108 
1820 : 8 ORG? 2.00 | 4940 | 6351 
1821 66.27 1.92 | 5062 | 6590 


DANS ADDY HAD 


Be ODF, UH ODA NW 


DANI WO 
We PO 


1822 69.02 1.84 | 5182 | 6827 
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Axis 
B-B. 


TB 


Inches. 


9-17 
9-14 
g.1i 
9.08 
9.05 
9:22 
9.19 
9.16 
9-13 | 
9.09 


9.27 
9.24 
9.20 
9-17 
9-13 
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TABLE 84.—Continued. 
PROPERTIES OF Top CHORD SECTIONS. 


Properties 


Four Angles 


ot an 
Top Chord Sections. Three Plates 


Plates. Angles. Moments of | Radii of Gyra- 
Inertia. tion. 
Gross Area. Eras 
Reaction Y+) Axis Axis Axis Axis 
Number. Web. Cover. Top Bottom: 2-2) = pi as cl 6 ba Sage igs 
A e LN Iz TA rp 
Inches. -Inches. Inches. Inches. Inches?. | Inches.|Inches‘./Inches‘.| Inches.} Inches. 

*1823 22x76 28x5 4X45 6x4x3 61.85 1.89 | 4966 | 6275 | 8.96 | 10.07 
1824 ne - 64.60 | 1.81 | 5086 | 6518 | 8.87 | 10.04 
1825 7 ‘3 * << 67.35 | 1.73 | 5206 | 6757 | 8.79 | 10.01 
1826 Zz 4 5 - 70.10 | 1.67 | 5325 | 6994 | 8.72 | 9.99 

24’ X 27” Section. A Series. 

*1827 24x38 27x3 33X39Xr6 | 5x33x3 60.62 2.00 | 5538, || 56558) Gis 9.00 

1828 ae 3 s cs 63.6 86 8 b. 
eonke S 2 . 3.62 2.86 | 5308 | 5919 ; 9.13 | 9.04 
1829 a 66.62 | 2.73 | 5476 | 6174 | 9.07 | 9.62 

*1830 24X5 27x83 32%3 2X16 5x32X16 61.56 2.79 | 5318 | 5789 | 9.29 | 9.70 
1831 ae 3 ; 64.56 2.66 | 5484 | 6051 | 9.22 | -9.68 
1832 £ 67.56 | 2.54 | 5648 | 6308 | 9.15 | 9.66 

*1833 24 = 27x38 323216 5X32x8 62.46 2.60 | 5483 | 5918 | 9.37 | 9.74 
1834 mee i 2 i 65.46 2.48 | 5647 || 6179 || 9.29) || 9.72 
1835 i 68.46 | 2.37 | 5809 | 6437 | 9.21 | 9.70 

*1836 24X5 27x8 | 32X32xT6 | 5x32x1G | 63.36 | 2.41 | 5644 | 6048 | 9.44 | 9.77 
1837 ae & ” a s 66.36 2.30 | 5804 | 6309 | 9.36 | 9.75 
1838 a 69.36 2.20 | 5964 | 6567 | 9.28 | 9.73 

*1839 24X5 27X8 32%3 2X16 5X32X4 64.24 223, 95702) O17 Onl O49) VO. Ok 
1840 ote 2 s 67.24. 2.13 | 5950 | 6440 | 9.40 | | 9.79 
1841 ae 70.24 2.04 | 6107 | 6698 | 9.32 | 9.77 

on. 

31842 24x76 27% 4X4X76 Ox4x2 60.00 2.92 | 5296 | 5372 | 9.39 | 9.46 
1843 oes o a Ss 63.00 279) | 546A SOLON Gi3t iie19:43 
1844 eet i " . 66.00 2.65 | 5631 | 5844 | 9.24" | 9.41 
1845 t 69.00 | 2.54 | 5797 | 6075 | 9.17 | 9.39 

*1846 24X76 278 4x4x76 6x4x7%5 61.12 2.66) |" S506 || 5529!) 9149) | (9.51 

*1847 Ie os . < 64.12 | 2.54 | 5670 | 5767 | 9.40 | 9.49 
1848 6 = F: 3 67.12 2.43 | 5832 | 6001 | 9.32 | 9.46 
1849 ee 70.12 | 2.32 | 5994 | 6232 | 9.25 | 9.43 

*1850 24X75 27%5 AXAXze | OX4XG 62.22 +) 2.43 16702 | 5684. | 9.57 4.29.56 

*1851 ae “ ss a 65.22 2.32 | 5863 | 5922 | 9.48 | 9.53 
1852 «it G se of 68.22 2.22 | 6022 | 6156 | 9.40 | 9.50 
1853 ieee a sa x 7122400212 \eOL8t || 6387 |b 9.32 01 10.47 
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TABLE 84.—Continued. 
PROPERTIES OF Top CHoRD SECTIONS. 


Properties A! Four Angles 
of 2 . fe and 
Top Chord Sections. Three Plates. 


Plates Moments of | Radii of Gyra- 
Inertia. tion. 
Gross Area. ret eee 

Y*| Axis | Axis | Axis | Axis 


Section ; = = 5 
Number. 3 Cover. 5 94 ee en Anas | BEB A ae 


A e 


Inches. Inches. Inches®. | Inches. 


27x3 6x4x4t 63.30 Dat 

sg SS 66.30 DAG 
69.30 2.02 
72.30 1.93 
6x4x3 64.38 1.99 

“ 67.38 1.90 
70.38 1.82 
73-38 | 1-75 


24’’ X 28’ Section. A Series. 


ce 


ra 


“cc 


ent a 
[ht 0 | 71 | joo 
jane 


ce 


P|coH| 
o| 


ce 


*1862 
1863 
1864 


*1865 
1866 
1867 


*1868 
1869 
1870 

*1871 

- 1872 
1873 


*1874 
1875 
1876 


tal 
fete) (oad 
my 


5X33xa 61.24 

si 64.24 
67.24 
62.18 
65.18 
68.18 
63.08 
66.08 
69.08 
63.98 
66.98 
69.98 
64.86 
67.86 
70.86 
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tal 
lmtcolen Co | 
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fm 
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tal 
toolen AICO 
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a+ 


&S 
tal 
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oO 
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24’ X 28” Section. B Series. 
*1877 
*1878 

1879 
1880 


& 
al 


A4x4xq5 6x4x4.| 60.62 3.01 

eS 63.62 2.87 
66.62 2.74 
69.62 2.62 


a 
leo toolom] 
 o 
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Section 
Number. 


*1897 24X8 
1898 ce it 
. ae 
1699 4 
*1900 24x3 
1901 «it 
I 73 Be 
902 a 
*1903 24X38 
190. eit 
904. eee 
1905 rs 
*1906 24 i 
190 aL 
i ahr 
190 3 
*1909 24x$ 
1910 “oid 
2 nee 
gil 4 


*1882 ge: 
ag ee 
4 
*1885 24xz%5 
*1886 | ee 
| of 
I ‘ z 
*1889 24x¥5 
*1890 fee 
or | 8 
1992 4 
*7893 24xx%5 
*1894 at 
1895 pare 
1896 aes 


at Ne 
10) 
Top Chord Sections. 


Plates. 


Cover. 
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“ce 
esi 
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TABLE 84.—Continued. 
PROPERTIES OF Top CHorRD SECTIONS. 


Top. 


3 
4uAXs 


“ec 


24” aC 30” 


Section. 


Gross Area. 


A 


Inches?. 


61.74 
64.74 
67.74 
79-74 
62.84 
65.84 
68.84 
71.84. 
63.92 
66.92 
69.92 
72.92 
65.00 
68.00 
71.00 
74.00 


1 
6x4x3 
“ce 
ce 

9 
6x4x75 
(73 
(73 
6x4x3 
“ 

“ce 
1 
6x4x44 

“ce 
“ee 

3 

6x4xt 
“ 


“cc 


65.85 
68.85 
71.85 
66.97 
69.97 
72.97 
68.07 
71.07 
74-07 
69.15 
[Pts 
75-15 
70.23 
73-23 
76.23 


2.09 
2.00 
1.91 
1.83 


BED 
3.08 
2.95 
2.99 
2.86 
2.74 
2.76 
2.65 
2.54 
2.56 
2.45 
2.35 
2.35 
DAs 
Pity 


Four Angles 
and 


Three Plates. 


Moments of 


Radii of Gyra- 


Inertia. tion. 
Axis Axis Axis Axis 
A-A. B-B. | A-A. B-B. 

I, Ip TA rg 


Inches!. 


5563 
5729 
5892 
6055 


5762 
5925 
6086 
6244 
5947 
6106 
6263 
6420 


6126 
6283 
6439 
6594 


5747 
5921 
6093 


5966 
6136 
6304 


6173 
6339 
6504. 
6363 
6526 
6687 
6552 
6712 
6871 


Inches, 


6100 
6365 
6627 
6885 


6268 
6533 
6795 
7053 
6437 
6702 
6964. 
7222 
6604 
6869 
7131 
7389 


Inches. 


9.49 
9-41 
9-33 
9.25 


9-58 
9-49 
9.40 
9.32 


9.65 
9-55 
9-47 
9-39 
9-71 
9.61 
9.52 


9-44 | 


Inches. 
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7465 
7785 
8103 
7663 
7983 
8301 
7859 
8179 
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8056 
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8694. 
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TABLE 85. 
PROPERTIES OF Top CHORD SECTIONS. 


Properties 


fo) 
Top Chord Sections. 


Six Angles 
and 
Three Plates. 


Plates Angles. Moments of Radii of Gyra- 

Grose || Bocen-| RSA 2) ae 

Section Rotter Peo tao Axis Axis Axis Axis 
es Web. | Cover. Top. j ASA. BoB sie eee 
Outside. Inside. A e Ia Ip Ta TB 

Inches. | Inches. Inches. Iniches. Inches. |Inches?.| Inches. |Inches‘.|Inches‘.| Inches. | Inches. 

16’ X 20” Section. A Series. 

*2001 16x3 . 20X16 32%32%8 32%32%8 32%3 2x8 35.63 | 1.04] 1553 | 1480 | 6.60 | 6.44 
2002 | “ ie . i. ‘. 37.63\| ©.98.| 1597 |) 1550. )1 O35 Lamon 

2003 | 7 3 - 3 - 39.63 | 0.93 | 1642 | 1621 | 6.44 | 6.38 | 
2004 | “ a6 . i . . 41.63 | 0.89 | 1686 | 1689 | 6.36 | 6.36 
2005 | © e y ¥ es = 43-63 | 0.85 | 1730 |. 1756 | 6.30 | 6.34 
2006 a6 45-63 | 0.81 | 1774 | 1821 | 6.24 | 6.31 
2007 aes ca 3 es ss BY 47.63 | 0.78 | 1818 | 1887 | 6.18 | 6.29 
*2008 | 16x§ | 20xr6 | 32x32x8 | 32%32%r6| 32%32Xz6) 37-19 | 0.72 | 1633 | 1547 | 6.63 | 6.44 
2009 | | i6 ee - “ . 39.19 | 0.69 | 1677 | 1617 |. 6.54 | 6.42 
2010 | 1 a i i - . 41.19 | 0.66 | 1720 | 1686 | 6.46 | 6.40 
2011 | © a6 5 i y - 43-19 | 0.63 | 1763 | 1754 | 6.39 | 6.37 
2012 3 : 45-19 | 0.60 | 1807 | 1821 | 6.32 | 6.34 
ZO sme aeae : s . S 47-19 | 0.57 | 1850 | 1886 | 6.26 | 6.32 
ZOLA reas ot ey se 49.19 | 0.55 | 1894 | 1951 6.20 | 6.30 
*2015 1Ox5, 20x76 32%% 3x3 32X3 2X3 33X32x% | 38-71 | 0.42 | 1729 | 1612 | 6.68 | 6.44 
2016 a6 y . is 40.71 | 0.41 | 1772 | 1682 | 6.60 | 6.42 
20TF No, 2s oF : 3 42.71 | 0.39 [1815 >) 751 -| 6:52) 6.39 
2018 eae es . i 44.71 | 0.38 | 1858 | 1819 | 6.44 | 6.37 
2019 | 7 F % 46.71 | 0.36 | 1901 | 1885 | 6.38 | 6.34 
2020 | * i6 0 y a % 48.71 | 0.34 | 1944 | 1949 | 6.32 | 6.32 
2021 a 50.71 | 0.33 | 1987 | 2014 | 6.26 | 6.29 
#2022 16x5 20x76 32X32%8 32%3 2X16 32%3 2X16 40.19 | 0.16 | 1803 | 1675 | 6.70 | 6.45 
202 a6 He 6 y 5 42.19 | 0.16 | 1845 | 1745 | 6.61 | 6.42 
2024 | 1 2 ‘e > be x 44.19 | 0.15 | 1888 | 1813 | 6.53 | 6.39 
2025 aS - a < 46.19 | 0.14 | 1931 | 1880 | 6.46 | 6.37 
2026 a - ; i c 48.19 | 0.13 | 1973 | 1946 | 6.40 | 6.35 
2027 | | 16 ‘ i . 50.19 | 0.12 | 2016 | 2010 | 6.34 | 6.32 
2028 a 52.19 | 0.12 | 2059 | 2074 | 6.28 | 6.29 
*2029 16x§ 20x75 32338 39X32x8 33X32x8 | 41.63 | —:08 | 1870 | 1738 | 6.70 | 6.46 
2030 | © a5 i ze - : 43.63 | —.08 | 1913 | 1807 | 6.62 | 6.44 
2031 ae °: o : 45.63 | —.07 | 1956 | 1874 | 6.54 | 6.41 
2032 | | 76 . ¥ c 3 47-63 | —.07 | 1998 | 1941 | 6.47 | 6.38 
2033 cc Ba “ “cc “ce “c 49.63 ae Zor 2007 6.41 6.36 
2034 mae és “s 51.63 | —.07 | 2084 | 2070 | 6.35 | 6.34 

2035 3 “f 53-63 | —.06 | 2126 | 2134 | 6.30 | 6.32 | 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 85.—Continued. 
PROPERTIES OF Top CHorD SECTIONS. 


Properties 


Six Angles 


of an 
Top Chord Sections. Three Plates. 


Plates. Angles. Moments of | Radii of Gyra- 
__| Gross | Eccen- Inertia. tion. . 
Section Bean aici. Axis Axis | Axis Axis 
eal Web Cover Top ria Boe 7B. | A-A. | B-B. 
ber. . . = — 
= Outside. Inside. A e I, Ip ra Tp 
Inches. | Inches. Inches. Inches. Inches. |Inches?.| Inches.|Inches!.|Inches‘.} Inches.| Inches. 
16’ X 20” Section. B Series. 
*2036 16x§ 20X76 34x3hx3 5X32%% 32%3 2X8 36.77 | 0.77 | 1640 | 1606 | 6.67 | 6.61 
2037 | “ x6 : x r % 38.77 | 0.73 | 1684 | 1677 | 6.59 | 6.58 
2038 "i 4 i, ss : i TOA CHS || SUA || 1ORG \ Cis || GBS 
2039 a5 fs 4277 1) 0.07) L721 || 18155 10-430) 120.52 
2040 | “ 3 Gs < te 4 44.77 | 0.64 | 1814 | 1882 | 6.36 | 6.48 
2041 | “ 34 ie S re ss 46.77 | 0.61 | 1858 | 1947 | 6.30 |.6.45 
2042 | “2 ai sf td a 48.77 | 0.58 | 1902 | 2013 | 6.24 | 6.42 
*2043 | 16x? 20xge |32%32%e | 5X3ax16 |32x3e2a6 138-51 | 0-43-1725 || 1605 | 6:60 |) 6.63 
BOAR tae SS - i ff 40.51 | 0.42 | 1768 | 1765 | 6.60 | 6.60 
2045 | “3 a eS es x 42.51 | 0.40 | 1810 | 1834 | 6.52 | 6.57 
2046 | “ & ce cs oa ay 44.51 | 0.38 | 1854 | 1902 | 6.45 | 6.54 
ZOAT |)" 3 We f - iS 46.51 | 0.36] 1897 | 1970 | 6.39 | 6.51 
2048 | “ i¢ oe es “y 48.51 | 0.34 | 1940 | 2034 | 6.32 | 6.48 
ZOAG) |) °° 'S ss ¢ # s 50.51 | 0.33 | 1982 | 2099 | 6.26 | 6.45 
*2050 | 16x? 2oxzs | 34x32x$-| 5x39x3 32X33X2 40.21 | 0.12 | 1826 | 1781 | 6.74 | 6.65 
BOG Gate << ae a 35 s _ | 42.21 | 0.12 | 1868 |.1852 | 6.65 | 6.62 
BOS2el ee . 4 re re 44.21 |) (O11) | TOLL, | 1920) 56.57) | 6058 
ZOGaa\ 1 6° Pe S ¥ “a ra 46.21 | 0.11 | 1954 | 1988.] 6.50 | 6.55 
KOS || ES a ie eS 48.21 | 0.11 | 1996 | 2054 | 6.43 | 6.52 
oils |) Gee e oe ‘ ‘g 50.21 | 0.10 | 2039 | 2119 | 6.37 | 6.49 
FO | ae ¥ e es ob) 52.21 | 0.10] 2082 | 2183 | 6.31 | 6.46 
POs 7 ae TOoxe 20xz— | 34X32x8 | 5x33xXa%5 | 34x34x0% | 41.89 | —.15 | 1903 | 1866 | 6.75 | 6.67 
DOSSa as s x S e 43.89 | —.14 | 1946 | 1936 | 6.66 | 6.64 
ZOCOL) os <¥ a cs u: ef 45.89 | —.14 | 1988 | 2004 | 6.58 | 6.61 
DOO. as. . ‘ id @ 47.89 | —.13 | 2031 | 2071 | 6.51 | 6.58 
Boor | "3 - 3 * ne 49.89 | —.13 | 2074 | 2137 | 6.45 | 6.55 
OOD. ws s = 51.89 | —.12 | 2115 | 2201 | 6.39 | 6.52 
2063 | “7 re : FS “ 53.89 | —.12 | 2158 | 2265 | 6.32 | 6.48 
*2064 | 16x$ | 20xq | 34x34x3 | 5x34x8 | 34x34x% | 43.51 | —-41 | 1978 | 1951 | 6.74 | 6.70 
2065 | “ ie ey 5 S Us 45.51 | —.39 | 2021 | 2020 | 6.65 | 6.66 
2066 | “3 o 2 es ‘ 47.51 | —.37 | 2063 | 2087 | 6.58 | 6.63 
BOOT at oa 45 we _ ss cS 49.51 | —.36| 2107 | 2154 | 6.52 | 6.60 
1 Ne2068 |, & - - My Ke 51.51 | —.34 | 2150 | 2220 | 6.46 | 6.57 
| 2069 | “ te a - “ $3.51 | —.33 | 2192 | 2283 | 6.40 | 6.53 
[2070 | “3 * . FA ie 55.51 | —.32 | 2235 | 2347 | 6.34 | 6.50 
| 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 85.—Continued. 
PROPERTIES OF Tor CHORD SECTIONS. 


Six Angles 


Properties 
f and 
Three Plates. 


0! 
Top Chord Sections. 


Plates Angles. : Moments of | Radii of Gyra- 
‘ Gross | Eccen- Inertia. tion. 


Section 


Bottom. zi 
a Web. Cover. Top. : Penh ied a Se Sag Ea 
Outside. Inside. A Ip 
Inches. | Inches. Inches. Inches. Inches. |Inches?.| Inches. |Inches‘.|Inches‘.| Inches. 
16” X 22” Section. 
*2071 | 16x? 22%> 34x3hxe | 5x32x3 32%; exe | 39:02. |) 2.27 | 2761) (92163) | SOyen eyes 
2072-|: “ae e ¥ . 41.02: |" 1.15 | 1807 |. 2259°1 6.64) 19742 
2073 s 3, z - :: 43.02 |~ Te10:|' 1851 123154) ||,6.560) 7240 
2074 | “ ae : z ‘- s 45.02 | 1.05 | 1897 | 2448 | 6.49 | 7.37 
2075 3 47.02 | 1.00, | 1942-|" 2540) 76:43" 87.415 
2076> || 46 ss % - E 49.02 | 0.96 | 1988 | 2630 | 6.37 | 7.33 
2077 | “ 2 ss ee s s 51.02 | 0.92 | 2031 | 2718 | 6.31 | 7.30 
*2078 | 16x3 | 22x} | 34x33x% | 5x32xa% | 33%32x76 | 40.76 | 0.86 | 1873 | 2276 | 6.78 | 7.47 
2079 | “ ae s . : : _ 42.76 | 0.82 | 1917 | 2372 | 6.70 | 7.45 
2080 ‘ z x a s “ 44.76 | 0.78 | 1960 | 2467 | 6.62 | 7.43 
2081 16 . & = 46.76 | 0.75 | 2005 | 2560 | 6.55 | 7.40 
2082 ee 48.76 | 0.72 | 2049 | 2652 | 6.48 | 7.38 
2083 | “O44 ss es Ge a 50.76 | 0.69 | 2093 | 2741 | 6.42 | 7.35 
2084 | “ ¢ £ i . 52.76.| 0.67 | 2136 |) 2828) 6:36 seas 
*2085 | 16x$ | 22x3 | 32x32x8 | 5x32%2 | 32%32x2 | 42.46 | 0.56 | 1970 | 2388 | 6.81 | 7.50 
2086 | “ a6 < ‘ : 44.46 | 0.53 | 2013 | 2483 | 6.73 | 7.47 
2087 f: 4 3 z ss 46.46 | 0.51 | 2056 | 2577 | 6.65 | 7.45 
2088 1, 76 . 5. i 48.46 | 0.49 | 2099 | 2670 | 6.59 | 7.42 
2089 or] 50.46 | 0.47 | 2142 | 2761 | 6.52 | 7.40 
2000 4|" sete ss . 52.46 | 0.45 | 2186 | 2850 | 6.45 | 7.37 
2091 | “2 rt . :: 54-46 | 0.43 | 2229 | 2937 | 6.40 | 7.35 
*2092 | I Ox 22x} 32%3 2X8 5X33%16 32X33X16 44.14 | 0.27 | 2060 | 2498 | 6.83 | 7.52 
2093 : 16 - , 6 46.14 | 0.26 | 2103 | 2593 | 6.75 | 7.50 
2094 | | 3 # 4 a 48.14 | 0.25 | 2145 | 2687 | 6.68 | 7.47 
2095 | © 16 33 y 4 -y 50.14 | 0.24 | 2188 | 2779 | 6.61 | 7.44 
2096 rae 8 5s a <p - 52.14 | 0.23 | 2231 | 2869 | 6.54 | 7.42 
2097 | “ 36 if 54.14 | 0.22 | 2274 | 2957 | 6.48 | 7.39 
2098 yi = WY 3 56.14 | 0.22 | 2316 | 3043 | 6.42 | 7.36 
*2099 16x5, 2X4 32X32X8 5X32x8 32%32X8 45-76 | 0.02 | 2139 | 2605 | 6.84 | 7.55 
2100 | | 36 = 2 i iy 47.76 | 0.02 | 2182 | 2699 | 6.76 | 7.52 
2101 | 2 - i . 49.76 | 0.02 | 2224 | 2792 | 6.69 | 7.49 
2102 +6 a 51.76 | 0.02 | 2267 | 2883 | 6.62 | 7.46 
2103 > 8 is . sf ~ 53-76 | 0.02 | 2310 | 2973 | 6.56 | 7.44 
2104 ae ne 55-76 | 0.02 | 2353 | 3061 | 6.50 | 7.41 
ZIOSHh ft i e oS ¢ 57.76.| 0.02 2395 | 3147 | 6:44 | 738 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 85.—Continued. 
PROPERTIES OF Top CHoRD SECTIONS. 


Properties 


: Six Angles 
fe) 
Top Chord Sections. 


and 
Three Plates. 


Plates. Angles. Moments of Radii of Gyra- 

Gross | Eccen- Inertia. tion. 
Section Area. |trcitye|" axis | Axia-| Axis | “Asis 
a Bottom. A-A. | B-B. | A-A. | B-B. 
: Outside. | Inside. ihe e tr s ra ie 
Inches. |Inches?.| Inches. |Inches‘.|Inches!.| Inches. | Inches. 
*2106 | 16x? 22} 32%3 2X8 5X32X16 32%32X716 AT.380 iso bile O2E 22712 (6.83 lene 
2107 ;, 16 Ss * 3 ‘ 40:38 |i—.20 |) 22515 2800) 56: 700 76d 
2108 se .. s re z 51.38 | —.19 | 2297 | 2899 | 6.69 |} 7.51 
2109 | * 36 =: by i s 53-38 | —.18 | 2340 | 2989 | 6.62 | 7.48 
2110 3 55S Ore TOn e280 0 sO75m|mO.5Omle7eds 
amir | * 44 < $ s ee 57-300 el 72420 ns TOM MOs6Oml 744 
Brr2 oS is $ « 59-38 | —.16 | 2468 | 3251 | 6.45 | 7.40 
2c ES 16x35 22X3 32%32%8 5X39x4 32X32X¢ 48.96 | —.41 | 2275 | 2817 | 6.83 | 7.59 
2114 | © 16 ~ 3 ™ 2 50.96 | —.40 | 2318 | 2910 | 6.74 | 7.56 
2115 | * S % é, . ; 52.96 | —.38 | 2360 | 3002 | 6.67 | 7.53 
2116 16 3 2 s i 54.96 | —.37 | 2404 | 3092 | 6.61 | 7.50 
2117 | “2 : 5 ss r 56.96 | —.35 | 2447 | 3181 | 6.55 | 7.47 
2118 | “ 44 < a “ 58.96 | —.34 | 2492 | 3268 | 6.50 | 7.44 
2119 | “7 z 60.96 | —.33 | 2532 | 3353 | 6.44 | 7.41 


18” X 22” Section. A Series. 


18x3 22xk BExsaks 32%32X8 ox 32X8 39:38 | 1.58] 2177. | 2086 || 7.43 | -7.28 

aa 4 ‘ s ie AvO20|a. 1-49 |e2243) 21007. 34m |leeao 
DUD es He > 43.88 | 1.41 | 2309 | 2304 | 7.25 | 7.24 
id aes» % S ie i AON3s |N Le34 2374 | 241On e717. |eer23 
UDA noe - < 48.38 | 1.28 | 2439 | 2514 | 7.10 | 7.21 
21z5 | “ it 8 ‘3 : ROVOzn i eete24 2505 nee 7-05 7-19 
Bi2Ou) 53 4 , gett) aioe 4al os 271 9 mar 
*2127 | 18x% 22x% 34x34x8 | 39x34xr5 | 39X39X75 | 40.94 | 1.22 | 2310 | 2176 | 7.51 | 7.29 
*2128 | “ qe ss se Me is ABZ ION | I>1O 02374) |) 228Cel my. Ate | ees 
2129 | “3 ‘ , " 45-44 | 1.10 | 2437 | 2393 | 7.32 | 7.26 
2130.| “ 2 Me 2 re ve A769) 1105") 2500) || 2500))|07-24, 1 7-24 
augiital, eS Ge fe = se 49.94 1 1,00") 2564 | 26045) 07-17 e722) 
ONZ2a\ te ss 3 oe cs EOTOn e090) | 2027012703710! ae2O 
DG) |e sf a g ee 54.44] 0.92 | 2689 | 2802 | 7.03 | 7.18 
#2134 | 18x3 | 22x4 | 33x32x8 | 33x33x3 | 323X322 | 42-46] 0.90 | 2428 | 2259 | 7.56 | 7.29 
eomag || a's i e i oa 44.71 | 0.85 | 2491 | 2368 | 7.46 | 7.28 
BAGO |nike > e + ce aS AGOO| |O:8T |) 2553.1 2475 0) 7.37) 7226 
Diy aa ey . -s es al 49:21 | 0.77 | 2616 | 2581 || 7.29. | 7.24 
PES | aeea 2” 4 ¥ SS 5460-74) || 2078) 152083) eze2n! ||) 7122 
ERG) || Sees a # <a ad seni |) Cosmin SaPhoy i AVE Iaiae, || G2eXo) 
BLO! ihe eee is ig fe 8 55.96 | 0.68 | 2801 | 2883 | 7.08 | 7.18 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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Properties 


of 
Top Chord Sections. 


TABLE 85.—Continued. 
PROPERTIES OF Top CHORD SECTIONS. 


Six be ae 
Three Plates. 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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Plates Angles. : Moments of | Radii of Gyra- 
i Grocsuliisecene Inertia. tion. 
Section Area. | tricity.) Axis | Axis Axis | Axis 
Num- Se eilh aeoo rons Bottom. A-A. | B-B. | A-A. | B-B. 
Outside. Inside. A e I, Ip Ta rg 
Inches Inches. Inches. Inches. Inches. |Inches?.| Inches.| Inches‘. Inches‘.} Inches.| Inches. 
F2t4t | 18xg | 22x} | 32x32x8 | 32%33%76 | 32%32%16 | 43.94 | 0-60 | 2538 | 2345 | 7.60 | 7.30 
2142 | * T6 3 z i oe 46.19 | 0.57 | 2600 | 2454 | 7.51 | 7.29 
2143 | 3 < ‘ : Z 48.44 | 0.55 | 2660 | 2559 | 7.42 | 7.27 
2144 | © 76 As 2 “i . 50:69 | 0:52, |) 2722 || 2665. le 73a alas 
2145 | © cs 4 if ‘: i. 52.94 | ~O:50.|| 2785 | 27058 e720) eyeesie 
2146 eae 55.19 | 0.48 | 2845 | 2866 | 7.18 | 7.21 
2147 3 oe s ee sf 57-44 | 0.46 | 2906 | 2966 | 7.11 | 7.19 
72148 18x35 22x4 32%32%8 32X3 2X8 32X32X8 45.38 | 0.34 | 2636 | 2426 | 7.62 | 7.35 
2149 | © qe « i i 47-63 | 0.32 | 2697 | 2535 | 7-53 | 7-29 
2150) 7 2 7 z ‘, ;. 49.88 | 0.31 | 2757 | 2640 | 7.44 | 7.27 
2151 eae i F > = 52.13 | ..0:30°| 2858 ~| 2744) |) 7.32 
2152 | fe e ca ‘ . 54.38 | 0:29 | 2879 |) 2846 | 7.27 iiey23 
2153 | | 36 fs i: * 4 56.63: | "0:37 |) 2940 | 29476 157.20. Gaon 
2154 4 58.88 | 0.36 | 3001 | 3044 | 7.14 | 7.19 
"2155 18x5 22X% 32%3 2x8 32X3 2X16 32X33%76 46.82 |'-0:12 | 2722 | 250605 7.03 ease 
2156 «is . 7 : 3 49.07; || <O: 11s) 2783 2613) 7253 a ee@ 
ie aes B . me - 51.32 | O.rr | 2843) 12709 | 7.44 eee 
2158 ie - s z 53-57 | 0.10 | 2904 | 2824 | 7.36 | 7.26 
ere hee A - a - 55.82 | 0:10) | 2965: |weo24e | 20mm nom 
BIOS | os 18 2 a ; 58.07 | 0:09; |=30250 1130245 | a2 eee 
2161 i : es 60.32 | 0.09 | 3086 | 3122 | 7.15 | 7.20 
ie 18x3 22x) 32%3 2X5 32X32X4 32X33X4 48.22 | —.11 | 2802 | 2585 | 7.62 | 7.32 
a 16 ie - = : 50.47 | —.11 | 2863 | 2693 | 7.53 | 7.30 
ree ee _ i x : 52.72 | —.10 | 2923 | 2707 | 7.44) | 7.28 
aye « 3S i. * : fe 54.97 | —.10 | 2984 | 2902 | 7.36 | 7.26 
ae eee o a r . 57.22 | —.10 | 3045 | 3001 | 7.29 | 7.24 
mae pees 3 2 2 4 $9471) —=.09) | 3105 || SLOLni 7-22 ue yaae 
ri 61.72 | —.09 | 3166 | 3198 | 7.16 | 7.20 
be 18” X 22’’ Section. B Series. 
* . 
ne 18x53, 22X3 32X3 2x8 5X3 2X8 32X32%8 40552] 1.29))|' 2297-2224) | 7 Ane eae 
gets 76 s i y i 42.77 1.22 | 2361 -| 2350 \e7 age yao 
Hele a i - : x 45.02/61 ' 242605924 5Om a sane regO 
ag 16 a A ‘ 5 47.27 | 1.10:| 2489 | 2566 .|-7.26 | 7.87 
By \ ce s. “s ‘ % . 49.52" | 1.055) 2552. |) 26600, Zeno mn 7.34 
oe |e 36 % is ‘ A 51.77) |. EOL) 22005. 277201) a7 ele 
4 54,02 , 0:07 | 2678 "2872 alle 7-O4 mn ue732O 


TABLE 85.—Continued. 


PROPERTIES OF Top CHorD SECTIONS. 


Eropettes 
fe) 
Top Chord Sections. 


Six Angles 


an 
Three Plates. 


Angles. 


Cover. 


Inches. 


22x% 
“ 


Bottom. 


Outside. Inside. 


Inches. Inches. 


; £ a: 
5X33X16 


1 1 vi 
32%32X16 


ole CO 


pt OO |e as] NO] A 
a al a7 


cole eco 
r,) 


dlHH 
5I° oR 


4.00] 
i 


let Oo|crr bet) bo] be] Colca [Com] 
eee Ss oi 


ra 
i) 


josie ole loo! 


HA] C2 | ak C0 | 
ol 7) 


| Inches? 


42.26 
44-51 
46.76 
49.01 
51.26 
53-51 
55.76 
43.96 
46.21 
48.46 
50.71 
52.96 
55-21 
57-46 


45.64 
47-89 
50.14 
52.39 
54.64 
56.89 
59-14 


47.26 
49.51 
51.76 
54.01 
56.26 
58.51 
60.76 
48.88 
sriaiig’ 
53.38 
55.63 
57.88 
60.13 
62.38 


Eccen- 
tricity. 


S 


Inches. |Inches‘.| Inches‘. 


0.90 
0.86 
0.82 
0.78 
0.75 
0.72 
0.69 


0.57 
0.55 
0.52 
0.50 
0.48 
0.46 
0.44 
0.26 


Moments of 
Inertia. 


Radii of Gyra- 
tion. 


Axis 
A-A. 


I, 


2437 
2500 
2563 
2624 
2684 
2746 
2810 
2563 
2623 
2685 
2745 
2807 
2868 


2930 


2680 ~ 


2741 
2801 
2862 
2923 
2984 
3045 
2782 
2843 
2904 
2964 
3025 
3086 
3146 


2875 
2937 
2998 
3959 
3119 
3180 
3241 


Axis 
B-B. 


Ig 


2357 
2467 
2574 
2681 
2783 
2885 
2985 
2466 
2575 
2682 
2788 
2890 
2991 
3090 
2578 
2687 
2792 
2898 
2998 
3101 
3199 
2685 
2794 
2899 
3003 
3105 
3206 
3303 
2791 
2898 
3004. 
3109 
3209 
3309 
3407 


Axis 


Inches. | Inches. 
7.60 
7-50 
7-41 
7:33 
7:25 
7:17 
7.10 


7-64 
7-54 
7-45 
7-36 
7.28 
7.21 


TAT 


Ow 


fe) 
TINNY NNN NANNY NYS 


Shp RAnA SOPRRAHA SBHSOPRPRH DOD 
OBA DWOBA GOS ROU HOMP Aon LAOS 


SS SS ae Nee 
bHoORRAD BHO 


ON FH ONN 
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189 


2214 | “ ae 
28 all amar 
22105) Sas 
2217 |) ee 


Properties 
0 
Top Chord Sections. 


Plates. 
Section 
— Web. | Cover. 


. | Inches. 


22xh 
“ec 


Angles. 
Bottom. 
Top. 
Outside. | Inside 


Inches. 


Inches. 


eas 
32%32%8 


1,3 
ag 


TABLE 85.—Continued. 


PROPERTIES OF Top CHORD SECTIONS. 


Eccen- 
tricity. 


e 


Inches. 


—.50 


—.48 
—.46 
—-44 
—.42 
—.41 
aol) 


Six Angles 
d 


an 
Three Plates. 


Moments of 


Radii of Gyra- 


Inertia. tion. 
Axis Axis Axis Axis 
A-A. | B-B. | A-A. | B-B. 
p A Ip Ta Tg 


Inches‘. 


2958 
3020 
3081 
3142 
3203 
3265 
3326 


Inches!. 


2896 
3003 
3108 
3212 
3312 


3412 
3508 


Inches. 


Si eg eet 
RRERAAGH 
HEWONRN 


2218 | 18x} 24xq%e | 32X39x% | 5x32x2 | 33x33x3 
2219 “ce ts ce “cc “ce “ 
2220 ce 3 6é (73 “cc ce 
2221 73 3 (79 “cc 6é ce 
2222 (73 3 “ce (v4 ce “e 
2223 | 18x23 | 24xq%¢ | 32X32x3 | 5x32xa6 | 33x33x75 
2224 ce 5 ce “cc “ ‘< 
2225 “e 3 ce 66 “ce “ec 
2226 (73 77 “ec (T3 “ “ce 
2227 ce 3 “ce ce “ “ce 
2228 | 18x | 24xqs5 | 32X39%8 | 5x34x2 | 32x34x} 
2229 ce oy “ “cc (7 “ 
2230 ce 3 its it9 6c “ce 
2220 iT fa ce cc ce “ 
2232 ce 3 (74 ce (74 “ce 
2233 | 18x2 | 24xX— | 32x32x8 | 5x3axv6 | 32X32x06 
2234. Sts “ce “ce “cc “cc 
2235 “ 5 “ “cc “ 77 
2236 ce fr cc “cc ee ce 
2287 ce 3 “cc ce 6e (73 
2238 | 18x2 | 24xye | 32x32x8 | 5x3ax$ | 32x32x8 
D269.) of Pe me : : te 
DIAO Ns ch & ce 6“ “ “ 
2241 ce i is4 “c ce it 
2242 ce 3 a3 ce (73 ce 


1.59 
152 
1.45 
1.39 
1.34 


1.26 
1.20 
TUG 
1.10 
1.06 


0.95 
0.91 
0.88 
0.84. 
0.81 


0.67 
0.64 
0.62 
0.60 
0.57 
0.42 
0.40 
0.39 


0.37 
0.36 
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2584 
2650 
2716 
2781 
2846 


2736 
2801 
2865 
2928 
2991 


2874 
2937 
2999 
3061 
3124 
3001 
3063 
3125 
3186 
3248 


3114 
3176 
3237 
3297 
3359 


3215 
3354 
3491 
3625 
3757 


3354 
3492 
3628 
3761 
3893 
3494 
3632 
3767 
3900 
4031 
3631 
3768 
3903 
4035 
4165 
3766 
3902 
4036 
4168 
4298 


90 90 90 90 
se NH 
NO HW 


8.15 
8.25 


SMS 
eH Nd 
NO HW 


8.28 


eee 
bbb 
HEH 


8.20 


8.31 
8.28 
8.26 
8.24 | 
8.22 


8.33 
8.31 
8.29 
8.26 
8.24 


TABLE 85.—Continued. 


PROPERTIES OF Top CHORD SECTIONS. 


7 
Properties A. = Ss JA 
T of y d - -- -- ee 
‘op Chord Sections. H i d 
: | ¥ 
H 7 
sv | eS 
B 
Plates. Angles. 
pee 
. rea. 
“hele Bottom. 
ber. | Web Cover. Pops —|2— 
Outside. Inside. A 
Inches. | Inches Inches Inches. Inches. /|Inches?. 
| 2243 | 8x8 | 24xz6 | 32%32%8 | 5x33x16 | 32%39x16 53-88 
Zz Té se | 
Bee “ = “cc “ce “ “ bss 3 
2246 oe 4 ce “cc ce “ 62.63 
2247 “ F “ “ce “ “ce 64.88 
2248 | 18xp | 24x16 | 32%32%5 | 5x32xd | 32x3x¢ | 57.46 
22 fs i 
as “ e 74 “ “ oe es a 
2251 c ZY “cc “ “ “ee 64.21 
2252 “ a “ “ce “ “ce 66 46 
20” X 24” Section. A Series. 
"2253 | 20x2 | 24x76 | 32X32X5 | 32X32X8 | 32%32%8 se 
22 is Oo. 
on oe no “ce “cc oe ce = 38 
2256 “c fy “cc “c “ “ 55.88 
2257 it9 a° ce “e ce (73 58 38 
*2258 | 20x2 | 24x16 | 33%33x8 | 32%32x16 | 32x32x76 | 49.94 
22 6 2. 
ped “ ie “ “ “ “ # i 
2261 “ ch “cc “ce (t4 ce 57.44 
6 “ce ao “ec “ “ce “e 
2202 4 59-94 
p26 20x} | 24x | 32X32x8 | 32%32%2 | 32%39%2 51.46 
22 T6 fi 
6s “ x “ “ “c “ 8 ic 
2266 73 it 6c 6c “ ‘“ 58.96 
2267 “c a “ “ ‘c “c 61 46 
*2268 | 20x9 | 24x16 | 32%32x8 | 32X32X16 | 32%32%16 | 52.94 
a “c ze “c “ce “ce “ pO 
2271 “ th 6c “ 66 & 0.44 
2272 “ 2° ce “ ce it4 62 94. 


Eccen- 
tricity. 


e 


Inches. 


Six Angles 
d 


an 
Three Plates. 


Moments of 
Inertia. 
Axis Axis 
A-A. B-B 
I, Ip 
Inches‘. | Inches‘. 
3221 | 3895 
3282 | 4031 
3343 | 4165 
3403 | 4296 
3464 | 4425 
3314 | 4026 
3375 | 4161 
3436 | 4294 
3496 | 4424 
3557 | 4553 
3136 | 3171 
3227 | 3324 
3319 | 3477 
3410 | 3627 
3500 | 3777 
3310 | 3282 
3400 | 3435 
3489 | 3587 

3577 | 3736 | 
3665 | 3886 
3466 | 3387 
3553 | 3540 
3640 | 3691 
3728 | 3839 
3815 | 3988 
3617 | 3497 
3703 | 3649 
3788 | 3799 
3874 | 3947 
3959 | 4095 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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Radii of Gyra- 
tion. 


Axis 
A-A. 


Axis 
B-B. 


Ta | Tg 


Inches. | Inches. 


7-59 | 8.35 
7-51 | 8.33 
7.44. | 8.31 
HEHE 1 seas 
7.31 | 8.26 
7.60 | 8.37 
7-52 | 8.35 
7-45 | 8.33 
7.38 | 8.30 
7.32 | 8.28 
8.04 | 8.09 
7.96 | 8.08 
7.88 | 8.06 
Text rexel 
7-74 | 8.04 
8.14 | 8.10 
8.05 | 8.09 
7.96 | 8.08 
7.88 | 8.06 
7.82 | 8.05 
S225, | (8.12 
8.12 | 8.10 
8.03 | 8.09 
7-95 | 8.07 
7.89 | 8.05 
8.26 | 8.13 
8.17 | 8.11 
8.08 | 8.09 
8.00 | 8.08 
7.93 | 8.06 


TABLE 85.—Continued. 


PROPERTIES OF TOP CHORD SECTIONS. 


Properties nt ae te eae Six Angles 
of §  ----t-- - ee and 
Top Chord Sections. | Three Plates. 


Moments of | Radii of Gyra- 
Inertia. tion. 
pee ot I el Eccen- 
Section Botton. Sarit Axis Axis Axis Axis 

Cover. 2 A-A. B-B. A-A. | B-B. 


Outside. Inside. I, Ip TA TB 


Inches. 5 Inches. Inches. |Inches?. Inches!.|Inches‘.| Inches. | Inches. 


24X76 54.38 | 0.76 | 3752 | 3599 | 8.30 | 8.13 
oe 56.88 é 2836. | 3751 | 8-21 | (Sonn 
59.38 : 3921 8.12 | 8.10 

61.88 : 4005 8.04 | 8.08 


64.38 4090 7.97 | 8.07 


d|-H 
‘ale 


+4 00/or1 
im 


oO 


loom 


1 


32X33%16 | 323 55-82 3873 8.33 | 8.14 
58.32 : 3957 8.23 | 8.12 
60.82 : 4041 8.14 | 8.10 } 
63.32 E 4115 8.06 | 8.08 


65.82 4209 7.99 | 8.07 


1 
2 
29" 
16 
5 
8 
al 
16 
3 
4 


20 

<p 

i} Soles 
le 


5 7n22 3985 8.35 | 8.15 
59.72 : 4068 8.25 | 8.13 
62.22 c AISI 8.16 | 8.11 
64.72 : 4235 8.08 | 8.09 
67:22 ; 4319 8.01 | 8.08 | 


[CoH] colon 
o|+ 


20” X 24” Section. - B Series. 


5X32%8 A952) Te 3285 8.14 

52.02 ‘ 3375 8.05 
54.52 | 1.52 | 3465 7:97 
57-02 | 1.45 | 3554 7.89 
SO.S2) |ae 3642 7.82 


51.26 ; 3473 8.23 
53-76 : 3560 8.14 
56.26 | |1. 3648 8.05 
58.76 | 1.16 | 3734 | 7-97 
61.26 | 11. 3820 


52.96 | 0.98 | 3644 
55-46 | 0. 3732 
57.96 | ;0. 3817 


60.46 | (oO. 3902 
62.96 | ‘0.83 | 3988 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 85.—Continued. 


PROPERTIES OF Top CHorRD SECTIONS. 


Properties : -- eels -—-- Six Angles 
of Wha cS = as an 
Top Chord Sections. ' Three Plates. 


Plates. Angles. Moments of Rael Ot Se 


Inertia. 
Eccen- |_. 


L tricity. i ; ‘ , 
Section Axis Axis Axis Axis 
Botta, A=A, \-B-Bs |. AA. || BeB, 


Cover. 


Outside. Inside. e I, Iz Ta tg 


. | Inches. ‘ Inches. Inches. _|[Inches?.| Inches. | Inches‘.|Inches‘.| Inches. | Inches. 


24x 5 54.64] 0.69 | 3807 | 3771 | 8.34 | 8.30 

4 57-14 | 0.66 | 3891 | 3923 | 8.25 | 8.28 
59.64 | 0.63 | 3975 | 4073 | 8.16 | 8.26 
62.14) |i 0.61 || 4059 | 42271 || 8:07 | 8.24 


64.64 || 0.59 | 4143 | 4369 | 8.00 | 8.22 


56.26 | 0.42 | 3949 | 3904 | 8.38 | 8.33 
58.76 |, 0.40 | 4033 | 4056 | 8.29 | 8.31 
69.20 10.38. (P4157 |eA205 5S 2058.29 
63.76! 0.36 | 4208 | 4352 | 8.12 | 8.26 
66.26 | 0.34 | 4284 | 4500 | 8.04 | 8.24 


57.88 5 4081 | 4036 | 8.40 | 8.35 
60.38 : 4164 | 4186 | 8.30 | 8.33 
62.88 : 4247 A336) 0.22 simo.3 
65.38 ; 4331 | 4483 | 8.14 | 8.28 
67.88 : 4414 | 4630 | 8.06 


59.46 : 4200 | 4166 | 8.40 
61.96 4 4283 | 4317 | 8.31 
64.46 E 4366 | 4465 | 8.23 
66.96 i 4450 | 4611 | 8.15 
69.46 | —.05 | 4533 | 4758 | 8.08 


20” X 26” Section. 


52.27 |; 2. 3485 | 4272 
54-77 |: 2. 3579 | 4468 
57.27 | I. 3673 | 4661 
59.77 | I. 3765 | 4851 
62.27 : 3856 | 5039 


54.01 | I. 3694 | 4443 
56.51 ; 3783 | 4638 
59.01 : 3874 | 4831 
61.50 | 1. 3963 | 5020 
64.01 ; 4052 | 5207 


of plate. 
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TABLE 85.—Continued. 


PROPERTIES OF Top CHORD SECTIONS. 


Properties 
ce) 
Top Chord Sections. 


Six Angles 
and 
Three Plates. 


Plates. Angles. bie of 
Gr ae Eccen- nertia. 

Section ea. | tricity. Axi Axi 
ee Web. | Cover. Top. ioe AA. BB. 

Outside. Inside. A e I, Ip 
Inches. | Inches. Inches. Inches. Inches. | Inches?.| Inches. | Inches‘. Inches‘. 

*2333 | 20x3 | 26x§ | 33X32X8 | 5x32x2 | 32%32%2 | 55-71 | 1-46 | 3879 | 4614 
2334 | 16 2 + . # 58.21 | 1.40] 3967 | 4809 
ae “< Oa “< 74 (73 (73 60.71 134 4056 pee 
Se “ce RO ce “eo ce ce eee — 4143 5189 
4 5-71 | 1.24 | 4230 | $375 

“2338 | 20x) | 26x§ | 32X32X8 | 5x32x16 | 32%32%i6 | 57-39 | 1-16 | 4053 | 4782 
2339.) , 36 i 5 2 9 59.89 | 1.11 | 4139 | 4976 
2340) 7g : 2 % - 62.39 | 1.06 | 4226 | 5167 
Bae ce ae ce oe ce ee Se “ad 4312 5355 
4 7:39 | 0.99 | 4397 | 5541 

#2343 || 2Oxs 2Oxe Sx35xe x34x$ $x33x3 8 

(73 9 fen 2 a 5 5 32 & 32X3aX8 59:01 2 2 ee 4945 

2344 | 16 : r rd % 61.51 | 0.85 | 4296 | 5138 
ca el in _ Z ; 64.01 | 0.82 | 4381 | 5328 
pales gy cet ; ‘ «Teste | eeeleeeae 
4 9.01 | 0. 4550 | 5701 

2348 20xz | 26xs | 32%32x8 | 5x32x16 | 32x32x16 | 60.63 | 0.63 | 4358 | 5107 
hae ae . * a ‘ 63.13 | 0.60 | 4442 | 5299 
a 6c ty “c “6 “ “ Opes so 4527 ae 
ss ao : 4 : me 0.56 488 5675 
a . 0.54 | 4694 | 5860 

"2353 20x} 26x§ | 32x33x8 | 5x34xt | 34x32x} | 62.21 | 0.40] 4489 | 5267 
2354 mrt . _ ie 64.71 | 0.38 | 4573 | 5459 
333 celts 8: y: : ‘: 67.21 | 0.37 | 4657 | 56,8 
2550 ee Se i= - ;. :: 69.71 | 0.35 | 4740 | 5834 
2357 ry 72.21 | 0.34 | 4824 | 6017 

22" X 26’’ Section. A Series. 

*2358 | 22x9 | 26xre | 4x4x | 4x4x3 | 4x4x9 | 59.13 | 1.55 | 4811 | 4499 
2359 ens % : 2 61.88 | 1.48 | 4928 | 4691 
aoe “ So 6 ce (74 ce 64.63 Tat 5045 oe 
aS ae _ : f i 67.38 | 1.35 | 5163 | 5066 
2302 4 70.13 | 1.30 | 5282 | 5246 


*Spacing of rivet lines of web greater than 30 X thickness of plate. 
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Radii of Gyra- 
tion. 
Axis Axis 
A-A. | B-B. 
Ta Tg 
Inches. | Inches. 
8.35 | 9.10 
8.26 | 9.09 
8.17 | 9.08 
8.10 | 9.06 
8.02 | 9.04 
8.40 | 9.13 
8.31 | 9.11 
8.23 | 9.10 
8.15 | 9.08 
8.08 | 9.07 
8.45 | 9.15 
8.36 | 9.14 
8.27 «| "Ora 
8.19 | 9.11 
8.12 | 9.09 
8.48 | 9.18 
8.39 | 9-17 
8.31 | 9.15 
8.23 4) OnE 
8.15. | 9:un 
8.50 | 9.20 
8.41. | 9.19 
8.32. | 19.7) 
8.25 | 9.15 
8.17 | 9.13 
9.02 {| 58.78 
8.92 | 8.71 
8.83 | 8.69 
8.75 | 8.67 
8.68 | 8.65 


TABLE 85.—Continued. 


PROPERTIES OF Tor CHoRD SECTIONS. 


Properties fas. *. i me bates Six Angles 
of $o=s- - -- -—- and 
Top Chord Sections. Three Plates. 


Angles. Moments of Radii of Gyra- 
Inertia. tion. 


: Axis Axis Axis | Axis 
Bottom. PRES NS | eek le ESI pigs 


Outside. Inside. I, Ip TA Tz 


Inches. Inches. .| Inches‘ |Inches* | Inches.| Inches. 


4x4x5 | 4x4x7 : -23 | 5023 | 4640 | 9.09 | 8.73 

66 6 i 5137 4832 8.71 
5252 | 5019 A 8.69 
5367 | 5204 | 8. 8.67 
5483 | 5385 | 8.73 | 8.65 


5219 | 4777 | 9. 8.74 
5332 | 4967 
5445 | 5154 
5558 | 5339 
5671 | 5519 


5397 | 4916 
5509 | 5106 
5620 | 5291 
5732 | 5475 
5844 | 5655 


5563 | 5047 
5675 | 5235 
5786 | 5420 
5888 | 5604 

5783 | 


22” X 26” Section. 


6x4x} 4x4xt ; : 4891 

(74 ce 5083 
5271 
5458 
5638 


ooo No Mtolve) 
FN OWN 


5082 
5274 
5461 
5646 
5827 


co CO CO CO CO 00 09 CO 00 0 


ColccNoRvo lve) 
NO WMC 


*Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 85.—Conti 


nued. 


PROPERTIES OF TOP CHORD SECTIONS. 


Properties 
0 
Top Chord Sections. 


Inches. Inches. Inches. 


. | Inches. 


26x75 
“ce 


4X4X3 6x4x5 


5 
ce 


Inches?. 


65.07 
67.82 
79-57 
73-32 
76.07 


66.99 
69.74 
72.49 
75-24 
77-99 


1 aoe 1 
x | 26x | 4x4x2 4x4xG | 68.89 
*2404 “cc aa “cc cc “cc “ 71.64 
oS ce (<3 iT9 “ 
Ae “ ity it “cc “ “ 74-39 
4 “é a “cc ce “e Hi “cc 77-14 
2407 4 | | | 79-89 
22’ X 26” Section. C Series. 
Ox4x3 Ox4x3 63.13 
7 65.88 
2410 “ce 3 “ “ce “ec “ 68.63 
“cc Ath, 6c “cc “ce “ce 
oe “cc a” ce oe “ “ eh 
*2413 | 22x 26x | 4x4xt 6x4xyzs | Ox4x | 65.37 
al eres a ner tka he ee 
Be “ i, ce it9 “ “ce a 
4 e ae cc oe “ce ce 73. z 
2417 i 76.37 


67.57 
70.32 
73-07 
75.82 
78.57 


Inches. 


Six Angles 


an 
Three Plates. 


5544 
5656 
5767 
5879 
5991 


SHES 
5846 


5957 
6068 


6179 


5913 
6024. 
6135 
6246 


6357 


5378 
5491 
5604 
5716 
5828 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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Inches‘. 


Inches‘. 


5267 
5457 
5644 
5829 
6009 


5456 
5646 
5831 
6015 
6195 


5636 
5824 
6009 
6193 
6372 


Inches. 


9.24 
9-14 


90 90.90.90 99 90 90 90 90 G0 
“INI CCC NWN © OO 


Plates. Angles. Moments of | Radii of Gyra- 
Inertia. tion. 
Gross | Etcen- 
ber. | Web. | Cover. Top. : : : : 
Outside. Inside. A @ Ta Ip TA tp 


Inches. 


g.00 
8.97 
8.94 
8.92 
8.89 


9.02 
8.99 
8.97 


8.94 
8.91 


9.04 


90 90 90.0 
Nolo Neyme) 
BOAoHrH 


WO OAWoOOb 


Anont 


* TABLE 85.—Continued. 


PROPERTIES OF ToP CHORD SECTIONS. 


Properties : “ ae besa Six Angles 
“ae. Eee ies and 


oO ; 3 
Top Chord Sections. t ! 5 Three Plates. 


Angles. Moments of | Radii of Gyra- 


Inertia. _ tion. 
Eccen- 


: tricity. ‘ - ‘ 
Section Axis Axis | Axis 
ee Top BOR: A-A. . ASA. | Bae 
er. 2) . 


Outside. Inside. e I, TA TB 


. Inches. Inches. Inches. |Inches?.| Inches. | Inches‘.|Inches‘.| Inches. | Inches. 


4X4X9 Oxf, |) Ox4xte —|/69.73 : 6047 | 5480 | 9.32 | 8.87 

cs s . 72.48 : 6158 | 5679 ; 8.85 
7523 : 6269 | 5863 : 8.83 
77.98 : 6380 | 6046 : 8.80 
80.73 é 6491 | 6224 : 8.78 


71.89 : 6233 | 5773 : 8.87 
74.64 ‘ 6344 | 5860 5 8.85 
77-39 | —: 6455 | 6044 | 9. 8.83 
80.14 : 6567 | 6227 : 8.81 


| 82.89 : 6678 | 6404 ; 8.79 


22!’ X 28” Section. 


6x4xd 6x4x$ | 66.94 ; 5326 | 6156 
. ry 69.69 | 1.81 | 5447 | 6389 
72.44. : 5566 | 6620 


ee “ce 


Wane meat 
D Cr 


6x4xqzs | 6x4xz5 | 69.22 : 5636 | 6391 
- r 71.97 | 1.44 | 5753 | 6623 
74-72 | 1.39 | 5870 | 6853 


mun oO 
MO = 


“ce (73 


6x4x3 6x4xt | 71.50 : 5920 | 6627 
- 33 74.25 : 6035 | 6858 
77.00 ; 6149 | 7087 


it “ce 


Onn 


6x4xzs | Ox4xyzs | 73.741 ©. 6184 | 6858 
a ss 76.49 k 6297 | 7088 
79-24] 0.75 | 6409 | 7315 


aos 


“cc 66 


6x4x8 6x4xe | 75.94 ‘ 6422 | 7086 
H r 78.69 | 0.48 | 6534 | 7315 
81.44 | 0.47 | 6645 | 7542 


“ce “ce 


28x$ 6x4xtt | 6x4xt% | 78.10 : 6642 | 7311 
ie S 80.85 | 0. 6753 | 7539 
oe ee Ms 83.60 6864 | 7765 


Do WROD 


ee RRS BONNE:  RONGNG) | BONS SoS 


NNO AAD NWA NON 


Bx 


*Spacing of rivet lines greater than 30 X thickness of plate. 
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TABLE 85.—Continued. 


PROPERTIES OF Tor CHORD SECTIONS. 


Prone ies SAS ae es Six Angles 


an 
Three Plates. 


iene 


° 
Top Chord Sections. 


t 
bese wee 


Plates. Angles. ee of age oF Gyra- 
Gross | Eccen- : ‘ 
Section Aaget Area. |tricity.| axis | axis | Axis | Axis 


toe Web. Cover. Top. A-—A, || B-B. |) A—A. | BBs 


Outside. Inside. A e HA, Ip TA 


Inches. | Inches. Inches. Inches. Inches. |Inches?.} Inches. |Inches‘.|Inches‘.| Inches. 


28x3 AXAXS 6x4x$ 6x4x$ | 80.26 | —.05 | 6851 | 7536 | 9.24 
2452 |. & oe S 83.01 | —.05 | 6962 | 7763 | 9.16 
tee ‘ Bs i MY 85.76 | —.04 | 7073 | 7988 | 9.08 | 9.65 


24” X 28’ Section. A Series. 


4x4x4 4x4x}- | 67.00 | 2.00] 6348 | 6117 9.73. 
ni 70.00 | 1.92 | 6502 | 6376 | 9.64 


~ 


wwe OV 


Wii Ut Mii u Mmm ut 
bpPuUN 
- 


WU OC Wu Ono 


COGN YYVVO Yeoo YoYYVHN Wow 


Mun UNMnN 
Ur ONO 


24" X 28" Section. 


6x4x} 4x4xz | 69.00| 1.61 | 6713 ; 

we rs 72.00 | 1.54 | 6865 | 6826 | 9.77 | 9.74 
2476 ab 75-00 | 1.48] 7015 | 7081 | 9.67 | 9.72 
78.00 | 1.43 | 7164 | 7332 | 9.58] 9.69 


*Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 85.— Continued. 


PROPERTIES OF Top CHoRD SECTIONS. 


rs 
1 
i 


ase were 


Properties Ai | eee 4 Six Angles 
of d a : ce oe and 
Top Chord Sections. : H d Three Plates. 
: | 7 
oy | aYie) 
B 
cas ae ere lee tien ee 


___| Gross | Eccen- 


fection Area. | tricity. Axis Axis Axis | Axis 
Bottom. 

Se “| Web. | Cover. Top. vil aa aaa 9 ad gl as 
Outside. Inside. A e 10 Ip Ta TB 

Inches. | Inches Inches Inches. Inches. |Inches®.| Inches.|Inches‘.|Inches‘.| Inches.| Inches. 

32478 | 24x76 | 28x¢ 4x4x3 | Ox4xz— | 4x4xr6 | 70.98 | 1.26 | 7010 | 6794 | 9.94 | 9.78 
2479 | 2 § - - 2 ” 73-98 | 1.21 | 7158 | 7052 | 9.84 | 9.76 
z480-5 te Z :. "3 “ 76.98 | 1.17 | 7305 | 7306 | 9.74 | 9.74 
2481 Z 79-98 | 1.13 | 7452 | 7557 | 9.65 | 9-72 
*2482 | 24x75 | 28xg | 4x4x | Ox4xs | 4x4x8 | 72.94 | 0.94 | 7285 | 7019 | 9.99 | 9.81 
2483 | Oe . - é < 75-94 | 0.90} 7431 | 7275 | 9.89 | 9.79 
a 2484 | | te zs ‘3 * 78.94 | 0.87 | 7577 | 7529 | 9.80 | 9.77 
2485 4 81.94 | 0.84 | 7723 | 7778 | 9-71 | 9-75 
£2486 24 16 28x5 4x4x} Ox4xi6 4X4XT6 74.86 | 0.64 | 7535 | 7244 | 10.03 | 9.84 
2487 5 n > < . 77.86 | 0.62 | 7680 | 7499 | 9.93 | 9.82 
2488 “Te s % - = 80.86 | 0.60 | 7825 | 7752 | 9.84] 9.80 
2489 3 83.86 | 0.58 | 7970 | 8001 | 9.75 | 9.77 
*2490 24 16 28x5 4x4x4 6x4x4 4x4x? | 76.76] 0.36] 7770 | 7460 | 10.05 | 9.86 
249i | © 3 7 i : 2 79-76 | 0.35 | 7913 | 7715 | 9.96] 9.83 
2492 i a G 82.76 | 0.34 | 8057 | 7967 | 9.87 | 9.81 
2493 | “2 se Gs Us ss 85.76 | 0.33 | 8202 | 8215 | 9.78 | 9.79 

24!’ X 28’ Section. C Series. 


*2494 | 24x35 | 28x} 4X4K4 6X4X3 Ox4x3 71.00 | 1.23 | 7061 | 6606 | 9.98 | 9.65 
*2495 “ 3 oA. re cs 3 74.00 | 1.19 | 7208 | 6864 | 9.87 | 9.63 
2496 | “ 2% My . ss 77.00} 1.14 | 7356 | 7119 | 9.78 | 9.62 
ZAQT> | ES ee +t « 80.00 | 1.10 | 7503 | 7368 | 9.69] 9.60 
*2408 | 24xy% | 28x} 4 6x4xx%5 | 6x4xi5 | 73-24] 0.85 | 7379 | 6838 | 10.04 | 9.66 
*2499 | “3 i re cs vs 76.24 | 0.82 | 7525 | 7095 | 9.93 | 9.64 
2500 | “ ig > € 4 < 79.24 | 0.79 | 7671 | 7348 | 9.84 | 9.63 
PEON | Se a = 6 “e 82.24 | 0.76 | 7817 | 7598 | 9.75 | 9.61 
*2002 | 24x | 28x} 4xqxh 6x4x3 6x4x$ | 75.44 | 0.53 | 7670 | 7068 | 10.08 | 9.68 
E2EO3 \aee x OS se ve 78.44 | 0.51 | 7815 | 7322 | 9.98 | 9.67 
2504 | “ a5 . He fs % 81.44] 0.49 | 7960 | 7575 | 9.89] 9.65 
2505 ee s sé i = 84.44] 0.47 | 8104 | 7823 | 9.80] 9.63 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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TABLE 85.—Continued. 


PROPERTIES OF Top CHORD SECTIONS. 


Properties 


Six Angles 
fo} and 
Top Chord Sections. 


Three Plates. 


Section 
Num- 


Plates. 


Cover. 


Top. 


Angles. 


Bottom. 


28x3 
“ee 


Inches. 


Inches. 


1 
Ae: 


Outside. 


Inches. 


Ox4x76 


Inside. 


Inches. 


Ox4xr6 


Inches?. 


77.60 
80.60 
83.60 
86.60 


79-76 
82.76 
85.76 
88.76 


Eccen- 


tricity. 


ce 


Inches. 


0.20 
0.20 
0.19 
0.19 


—.08 
—.08 
—.07 
—.07 


24” X 30” Section. 


3 
6x4x3 
“ce 
“ce 
6x4xq5 
oe 
“cc 

x. 
6x4x3 
“cc 
6x4x7%5 
“cc 
66 
6x4x$ 
“ 
ce 

11 
ot 


oe 


Ox4XT6 


“ce 


72:57 
75°57 
78.57 


74.85 
77:85 
80.85 


77-13 
80.13 


83.13 


79:37 
82.37 
85.37 


81.57 
84.57 
87.57 


83.73 
86.73 


89.73 


2.43 


2.33 
2.24 


2.02 


1.94 
1.87 


1.64 


1.59 
162 


1.29 
1.24 
1.20 


0.96 


0.93 
0.90 


0.66 
0.64 
0.62 


Moments of 
Inertia. 


Radii of Gyra- 
tion. 


Axis 
A-A. 


Ta 


7937 
8081 


8225 
8369 


8185 
8329 


8473 
8617 


6831 
6993 
7152 


7228 
7384 
7539 


7593 
7745 
7896 


7934 
8083 


8231 


8248 
8395 
8541 


8531 
8677 
8822 


*Spacing of rivet lines of web greater than 30 X thickness of plate. 
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Axis 
B-B. 


Ip 


Inches‘.| Inches‘, 


7298 
7552 
7803 
8051 


7519 
7772 
8022 
8269 


7875 
8187 


8498 


8157 
8468 


8778 


8439 
8749 
9057 


8716 
9025 
9332 


8989 
9297 
9603 


9258 
9565 
9870 


Axis 


| A-A. 


TA 


Inches. 


10.10 
10.00 
9.92 
9.83 


10.12 
10.02 


9.93 


Axis 
B-B. 


TB 


NDAXOAaT 
ADO 


DX An~N 


wooo wor 
WnTO 


TABLE 85.—Continued. 


PROPERTIES OF Top CHorRD SECTIONS. 


Properties ae eae: -—-- Six Angles 
of Se id os oa aay and 
Top Chord Sections. ' Three Plates. 


Plates. Angles. Moments of | Radii of Gyra- 
Becen- Inertia. tion. 

: tricity. ; ; , : 

Section Axis Axis Axis Axis 

i shia AALS ABER Ase 1) Bp 


Outside. Inside. e I, Iz TA TB 


» | Inches. e Inches. Inches. |Inches?.| Inches. | Inches‘.| Inches#.| Inches. | Inches. 


30xi¢ <4X3 3 6x4x? | 85.89 | 0.38 | 8806 | 9526 | 10.13 | 10.53 
“ of: in 88.89 | 0.37 | 8950 | 9832 | 10.04 | 10.52 
91.89 | 0.36 | 9094 |10135 | 9.95 | 10.50 


26” X 30” Section. A Series. 


ce 


4X4x4 4x4x3 | 75.63 | 2.47 | 8220 | 8157 | 10.38 | 10.38 
a . 78.88 | 2.37 | 8421 | 8499 | 10.32 | 10.37 
82.13 | 2.27 | 8623 | 8834 | 10.26 | 10.36 


2% 
RON 
i 
Fel stebe 
ol- 


(73 


- 
5 


4XAXTS 77-35 | 2.15 | 8559 | 8363 | 10.52 | 10.40 
“ 80.60 | 2.06 | 8757 | 8704 | 10.43 | 10.39 


oe 83.85 | 1.98 | 8953 | 9038 | 10.34 | 10.38 
4X4x3 79.07 | 1.85 | 8878 | 8563 | 10.59 | 10.41 

ee 82.32 | 1.78 | 9062 | 8904 | 10.49 | 10.40 
85.57 | 1.71 | 9265 | 9237 | 10.40 | 10.39 
80.75 | 1.57 | 9169 | 8764 | 10.65 | 10.42 
84.00 | 1.51 | 9360 | 9103 | 10.55 | 10.41 
87.25 | 1.45 | 9551 | 9425 | 10.45 | 10.39 
82.39 | 1.32 | 9441 | 8962 | 10.70 | 10.43 
85.64 | 1.27 | 9629 | 9301 | 10.60 | 10.42 
88.89 9817 | 9632 | 10.50 | 10.41 


in 
Hcolen Helo 
lat 


oO 


oN 
o 


s 
~ 
JmAoojan AGO 
lt 


n 
a 

Colon He [CO] 

bn oO 


Woo 
) 


3 
3 
4 
8 
oe At 


26” X 30” Section. B Series. 


30X16 6X4X3 77.63 d 8669 | 8669 | 10.56 
cs ss 80.88 ‘ 8865 | goII | 10.46 

w 84.13 : go6i | 9346 | 10.37 
30x14 gs | 79.61 : 9042 | 8939 | 10.65 
ee a ; 82.86 d 9238 | 9280 | 10.55 

ce 86.11 A 9434 | 9614 | 10.46 
30xi4 81.57 : 9389 | 9203 | 10.72 
a be oa 84.82 36.) 9577 | 9544 | 10.62 
88.07 ; 9766 | 9877 | 10.53 


ol 


colon taetel 


In 


2 


ecolcn CO] 


Ip 


loo 
r.) 


* Spacing of rivet lines of web greater than 30 X thickness of plate. 
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Properties 


fe) 
Top Chord Sections. 


TABLE 85.—Continued. 


PROPERTIES OF Top CHORD SECTIONS. 


Six Angles 
and 
Three Plates. 


Plates: Angles. ‘ Moments of Radii of Goa 
Inertia. tion. 
oe Es 
: rea. | tricity. is : a 5 
Section Bottom. Axis | Axis | Axis | Axis 
peat Web Cover. Top. peeaa aes Bias Bes 
Outside. Inside. A e Iq Ip - TA Tz 
Inches. | Inches. Inches Inches. Inches. |Inches?.| Inches.|Inches‘.|Inches‘.| Inches.| Inches.} 
£2559 26x5 30X16 4X4x3 OX4XT6 4X4X16 83.49 | 1.11 | 9707 | 9468 | 10.78 | 10.64 | 
2560 a 86.74 | 1.07 | 9894 | 9807 | 10.68 | 10.62 
2EOMR Ie oe ss os os ne 89.99 | 1.03 |10081 |10139 | 10.58 | 10.61 
#2562 s20x> 30xit | 4x4xz 6x4x3 4x4xi | 85.39 | 0.82 |r0011 | 9730 | 10.83 | 10.67 
E2563 oltre cS es es a 88.64 | 0.80 j10195 |10069 | 10.72 | 10.65 
2564 | “3 “ “ « « g1.89 ae 10400 | 10.62 | 10.63 
26” X 30” Section. C Series. : 
*2565 | 26x 30x76 | 4x4x> 6x4x4 6x4xz | 79.63 | 1.70] 9100 | 8727 | 10.69 | 10.46 
*2566 i: a : cs 3 i 82.88 | 1.63 | 9292 | 9067 | 10.59 | 10.45 
2567 es 86.13 | 1.57 | 9481 | 9403 | 10.49 | 10.44 
P2c68-| 20x8 Wh GOxa.6 all AxXAxe 6x4x75 6x4x16 81.87 | 1.33 | 9500 | 9004'| 10.76 | 10.48 | 
*2569 i aa ‘ 9 = 85.12 | 1.28-| 9688 | 9343 | 10.66 | 10.47 
Psy key | es : ‘ 88:37 | 1.24 | 9875 | 9676 | 10.56 | 10.46 | 
32571 26x% 30X16 4X4X3 6x4x8 6x4x8 84.07 | 0.99 | 9870 | 9275.| 10.83 | 10.50 
2572 | 7 16 é: s <i , 87.32 | 0.95 |10056 | 9614 | 10.73 | 10.49 
2573 a 90.57 | 0.91 |10243 | 9946 | 10.63 | 10.47 | 
#2074 | 26x8 || 30xi¢.| 4x4x3 6x4xig | Ox4xig, | 86.23 | 0.66 |roz12 | 9548 | 10.88 | 10.51 | 
estes " a6 3 uy oh di 89.48 | 0.63 |10397 | 9885 | 10.77 | 10.50 
2576 Oy ee = 92.73 | 0.61 |10582 |10215 | 10.67.| 10.49 
P2677 26x% 3OXT6 4K4X5 6x4x$ 6x4x$¢ | 88.39 | 0.37 |10530 | 9817 | 10.92 | 10.53 
eoaisiafey Iie ae : a < ss 91.64 | 0.36 |10723 |10154 | 10.82 | 10.52 
25795 s + ef ve 94.89 | 0.35 |10897 |10483 | 10.72 | 10.51 
26” X 32” Section. 
2580 26x4 32X4 4X4X3 6x4x3 6x4x% | 84.94 | 2.77 | 9017 |10718 | 10.30 | 11.23 
2581 . a : E as “Js | 87.22 | 2.39 | 9498 |11048 | 10.44 | 11.25 
2582 4 “ ., ¥ z ? z | 89.50] 2.03 | 9948 |11379 | 10.54 | 11.27 
2583 i. : a ak : ze | 91-74 | 1.69 |10369 |11703 | 10.63 | 11.29 
2584 i =: s “3 | 93.94.| 1.37 |10761 |12023 | 10.70 | 11.37 
2585 ‘ uma “ te | 96.10 | 1.06 |11124 |12338 | 10.76 | 11.33 
2586 ‘s oe es be “ ¢ | 98.26 | 0.80 |11466 |12652 | 10.80 | 11.35 
*Spacing of rivet lines of web greater than 30 X thickness of plate. 
adi 
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Properties of 
Extra Heavy 


Top Chord Sections. 


TABLE 86. 


PROPERTIES OF Top CHorRD SECTIONS. 


Fight Angles with 
Short Legs Turned Out 
and Five Plates. 


Radii of Gyra- 


Plates. Angles. Moments of 
Grossaltnscen Inertia. tion. 
Sec- Area. | tricity. pes hes yee ies 
ti Top. Bottom. zi S aS ae ae 
iam Web. | Cover. Y A-A. | BOB. | AvA. | BEB. 
‘ Outside. | Inside. | Outside. | Inside. A e Ia Ip TA TB 
Inches.| Inches. Inches. | Inches. | Inches. | Inches. |Inches.?/ Inches.|Inches.4|Inches.4| Inches. Inches 
22” X 28” Section. 
2901 |22X ze] 28X3 |6X4XF |OX4X3/6XOXE |6X6XF| 99.94 0.65 | 7436] 9070] 8.62} 9.53 
‘Aeleg Nal | Mee 3 sy = & ss {105.44} 0.62 | 7660} 9478] 8.52] 9.48 
ZOO ia Gh. rf = z° © |110.94.| 0.59.1 7884) 9871 | °8.42 | 9:43 
2904.| “ 3 as S = ss “ |116.44| 0.56 | 8107] 10255] 8.34] 9.38 
BOOR {= © Abi S = SP (£27.94 || "O-53)91» 63301) 1062 711s Sez0n|i9-44 
2906 | “2 SS “ sa - “ 127.44.| 0.51 | 8554] 10987] 8.19 |. 9.28 
24” X 30” Section. 
2907 |24X4 |30Xé |6X4Xz |6X4X3/6X6XE |OXEXF119.51| 0.64 | 10710} 12874 | 9.47 | 10.38 
2908 |“ i “ Me Y ra Oe 125-50 MOIOE «11000113473 7o.36 || 10:44 
DOOM = - et 3 45 “1131.51 | 0.58 | 11290] 13934] 9.27 | 10.29 
2910 | “ 44) -.* o s SS \137-5 |) 0:55) 1055814440 19.18) | 10,25 
Bou | 2 ‘ $ as < 1143.51] 0.53 | 11870] 14937 9.10 | 10.20 
26” X 32” Section. 
2912 |26X7%| 328 |6X4XF |6X4XF16X6XF |6X6XF1131.26| 0.74 | 13505 | 16638 | 10.14 | 11.26 
2onse lier 3 eS a % 1137.76) 0:70 | 13874 17335) 10.03. | 11.22 
OTN a|eie eG | ss E S “ 1144.26] 0.67 | 14243 | 18015] 9.94 | 11.17 
BOER a eS Y a 2 “ \50:76)| 0.64 | 14613) | 18682 | 9.85 | 11.13 
28” X 34” Section. 
2916 |28X8 |34X# |6X4Xs |6X4X3/6X6XF |6X6XF/144.01 | 0.83 | 16791 | 21238 | 10.80 | 12.14 
2917 In" 44). S S # “  |I51.01| 0.79 | 17253 |'22126 | 10.69 | 12.10 
2918 "|. “* 3 “3 a SY ie if 158.01 | 0.76 | 17715 | 22997 | 10.59 | 12.06 
30” X 36” Section. 
2919 |30X14] 368 |6X 4X3 |6X4XF16X6XF |6X6X §]157-76 | 0.92 | 20627 | 26810 | 11.44 | 13.03 
2O2Cn | ¥ se “ 1165.26] 0.88 | 21196] 27920 | 11.33 | 13.00 
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TABLE 87. 
PROPERTIES OF PLATE GIRDERS. 


Hl 
: 
: 
oe 
~ 
‘ 


Bye! 
wane ete QQ rene eet 


Some specifications require that plate girders be proportioned by the moment of inertia of | 
their gross section and some by the moment of inertia of their net section. The moment of inertia | 
of the gross section can be obtained by direct addition from Tables 3, 5 and 33. The moment of 
inertia of the net section is obtained by subtracting the moment of inertia of the holes from that 
of the gross section. ‘The moment of inertia of the holes can be calculated by the formula J = doh’, 
the moment of inertia of the holes about their own axis being negligible, 4) being the diametral 
area of the hole and h the distance from the neutral axis to the center of the hole. 

The method of calculating the moments of inertia of plate girders will be illustrated by a typical 
example. 

Example: Determine the moment of inertia and section modulus of a section consisting of 
4 angles 5’’x33’’x2”’, long legs out, 243”” back to back, 1 web plate 24’’x3”, 2 cov. plates 12’’x3”. 

Moment of Inertia and Section Modulus of Gross Section. 


b. to b. Angles.| Extreme Fiber. Moment of Inertia, Axis A-A. Section Modulus. 
Item. 
d c Agee Sais 
Table. SS 
Inches. Inches. Inches. Inches‘. Inches?. 
4 4 5x32x3 24.5 33 2074 4872 
1 Wb. Pl. 24x32 aH 12.25 + 0.625 3 432 a 
2 Cov. Pl. 12x3 “ 5 2366 12.875 
12.875 Total J = 4872 S = 378.4 
Moment of Inertia of Rivet Holes (3 Rivets, 1” holes). 
a : Dist. to ¢ of 
Size. Area. Dist.2 
Hole. Ach? 
Location. Number. tXd Wotipcd: h he 
Inches. Inches.? Inches. Inches?. Inches‘. 
Web 2 13xI 275 10.3 106.1 292 
Flange 4 13x 4.50 nee! 151.3 681 
Total = 973 


The Moment of inertia of the net section is 4872 — 973 = 3899 in.‘, and the section modulus 
is 3899 + 12.875 = 302.8 in.3. 

Approximate Methods. 

The use of the moment of inertia of the net section in proportioning plate girders, requires 
that holes in the compression flange be deducted as well as those in the tension flange. ‘This only 
approximates the true condition so that great accuracy in calculating the moment of inertia of the 
net section does not seem warranted. ‘The following approximate solutions give results which are 
sufficiently accurate for use in design. 

1st Approximate Method: 

Net Area _ 12a 


Net J of Angles = Gross I X Gro Aneg 7 x 6 1556 ‘Table 33. 

Net I of Web Pl. = Gross I of Net Depth = J of 22” X 3” Pl. = 333 el eke 

NetJ of Cov. Pls. = Gross J of Net Width = I of 2 — 10” X 3” Pls. = 1972 Sp imepae 
Total Moment of Inertia of Net Section = 3861 in.4 


2d Approximate Method: 
Net Area 32.75 : 
[T= ————- = — = 4 
Net Gross I X ae 4872 X nee 3989 in. 
This method gives more accurate results for sections without cover plates. 
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TABLE 88. 
CENTERS OF GRAVITY OF PLATE GIRDER FLANGES. 
CHICAGO, MILWAUKEE & ST. PAUL RY. 


Yypel ype 3 
Pat TYPE 1. TYPE 2. 
Two 6x4” Bottom Angles. Four 6’’x 4” Bottom Angles. 
a Thickness in Inches. rel petg Thickness in Inches. 
3 3 $ t is 3 3 ts & 3 3 
Inches. In. In. In. In. In. Inches. In. In. In In. In. In. 
8X8Xz| 3-81 | 4.12 | 4.35 | 4.55 | 4.70 8X8X3 Roe || Hose | Beep | SSS | Cer | O27 
&| 3-62 | 3.90 | 4.12 | 4.30 | 4.45 8 | 4.81 | 5.22 | 5.40 | 5.54 | 5.79 | 5.98 
Z| 3-49 | 3-75 | 3-96 | 4.13 | 4.27 4 | 4-59 | 4.99 | 5.16 | 5.30 | 5.55 | 5.75 
Ses OMe 7 OMS S35) 1) S500 N4ekS || Hieziea | isoy | Mote Braise || sais || Salis 
I_| 3-33 | 3-55 | 3-73 | 3-89 | 4.03 I | 4.28 | 4.65 | 4.81 | 4.96 | 5.19 | 5.41 
me 151 3-28 13-48 Biddy) || ghasiy ||) Boy Dee A 3 wle4 53 e4OOmnA S25 OO ese 26 
TYPE 3. 
me hag Thick f Plate, Inch 
Beh uipios: ma ickness 0: ate, Inches. 
In. In. fo) 3 3 Be g t r [rd] m4 | 1d] 13 18 13 14 2 2h 3 
6X6X# | 13. |1.68/1.12) .98) .86] .73] .63] .52].43] .33]-24) .15] .07/—.02/—.10)—.18 
14 1.09} .95] .82] .70] .59] .48].39] .29].20] .11| .03)—.06)/—.14/—.22 
15 1.07] .92| .79] .66] .55] .45).35) .25].16| .o7|—.o01|—.10/—.18|—.26 
16 1.04] .89] .75] .63] .52] .41|.31| .21|.12] .o4 |—.05|—.13)—.21/—.29 
6X6X#s | 13 |1-73/1-24/1-11] .99| -87| .77] .67|.57] .47|.38| 30] .21] .13} .04|—.04 
14 1.21|1-08| .95| .83| -73] | .63).53)| -43.34] :25 17} .08] .00/—.08 
15 I.19|1.05| .92] .80] .69] .59].49] .39].30] .21 13} .04/—.04|—.12 
16 I.16]1.02] .89] .77] .65] .55/.45| .35|.26] .17| .09] .0o|—.08/—.16 
CO ae 13 elt 7811-34 1-210.10]) .09)".80| .79).69]) .60).51] 442) Legal) 7.26) | 16| 9.09 
14 idle ieee] SSI) 33) P/SIKSS| ASSIA) BRS ell ol aes sols 
15 I.29|1.15|1.03] .92] .81] .71|.61] .51].42| .33 Ajl| gills! Io| » dee) 
16 1.26]1.13|1.00| .88] .78| .67].59] .47|.38] .29] .21] .12| .03/—.04 
6X6xX¢F 13 |1.82|1.42]1.30]1.19|1.09| .99] .89].80} .71|.62] .54| .45) .37/ .29] .21 
14 T.29|1.27\ 0, 160-051) 05) -85\. 76) .00|,57/0.49)| 9.40) 4321 .24| 1.16 
15 1-37| 2.240.013) 1-O1l.O2|) .Sii|-72\| .02).53) 244) 1.368 2275.0) s.11 
16 E-35|\L-22\0-10}) 99) 87) «79)-08) -58|-A9lu-40| 1-32) 22] 14), 07 
8X8X4 | 17 |2.19|1-48]1.32|1.17/1.03] .g0] .78 56 36 7 —.01}—.33|—.64 
18 1.46|1.29|1.14]1.00] .86] .74 ag 32 aie —.04|—.37;—.68 
8X8XE | 17 |2.23)1.63]/1.47/1.32/1.19]1.07| .95 ale) 53 34 .17|—.16/—.48 
18 1.60/1.44|1.29]1.15/1.02] .o1 .69 49 30 .12|—.21/—.52 
8X8xX2 | 17 |2.28)1.75/1.60]1.46|1.33/1.22]1.10 88 .68 a vs .31| —.02|—.36 
18 1.72|1.57|1.43|1-29|1.17|1.06 84 64 42 .27|— .06|—.40 
8X8xF 17 |2.32/1.85|1.71/1.57/1.45|1.33|1.22 1.00 81 62 eA 5 eel M20 
18 1.81/1.67/1.53|/1.41/1.29/1.18 .96 Ta Also A0|) 07/625 
8xX8XI 17 |2.37/1.94/1.80/1.68)1.55]1.45/1.35 1.13 94 7 Stel] 615|| —weks: 
18 1.90|1.76]1.64)1.51/1.40|1.30] 1.09]: | .89 71 53) -20|—.12 
88X14] 17 |2.41|2.02|1.89]1.77/1.66]1.55)1.45 1.25 1.05 .87 770\86) 06 
18 1.98|1.85|1.73|1.62|1.50|1.40 1.20 1.00 83 ASI kelp Hot 


TABLE 89. 
Upset ScrEw ENpsS FOR SQUARE BARS. 
AMERICAN BRIDGE COMPANY STANDARD. 


Pitch and Shape of Thread A. B. Co. Standard. 


UPSET. 


Additional | Diameter Area. 


Si ; th 
ened Area, .Diameter Length i Race oe 
d 


qd. ’ a, d At Root 
lnehess Inches. Inches. Inches. MY £ . oh Z ones 


fo} 
c 
: Thread, 
Inches. Inches. Sq. Inches. 


0.939 0.693 
1.064 0.890 


0.563 1.91 


Lan 


a 

Ri cole 
wo 

Ni- 


~ 


0.766 2.60 


1.000 3.40 


_ 


1.283 1.294 


aS 


1.266 4.30 
Les ek rie seats 
1.891 6.43 


1.389 1.515 
1.615 2.049 


tal 
Colt olen 
w 


Lal 
1) La 


) ol 
[SL oo La 


> 
NIH ON) 
BN 


1.711 | 2.300 


sy 
> 
a 


onl 


2.250 7.65 


iS) 


is} 
mB Ni oo Al 


1.961 3.021 


Lal 
mum 
wn 


2.641 8.98 2.086 3-419 
2.75 3.716 


2.4.25 4.619) 


3.063 10.41 
3.516 11.95 


oe (os) 
Lot 

Pe ) ol 
RS 
So 


Lal 
& 


Leas 
on 


4.000 13.60 


4.516 15.35 
5.063 17.20 


2.550 5.108 


in} 

O|3 

n wv 
wm 


WN 
ol 
fo 
rove 
a 
bl) 


WwW 


2.629 5.428 
2.879 6.509 
3-100 7-549 


do 
[Ll 
aS 


dS 


5.641 19.18 


w 
N 
fon 


&» 


6.250 Dies DY) 8.641 


3.317 ~ 8.641 
3.567 9-993 
3.798 11.330 


iS} 
wo leo 
STS 
Ny 


6.891 23-43 
7-563 25-71 
8.266 28.10 


ia 


“X 
nie 
loa) 

Ri NIK NH 


ESS sy eS 


dS iS) 
Oi RO ln NS 


» 
~|- 
lec} 

NI 


9.000 30.60 | 


pS 


aS 
elo i RA 
ee) 


3.798 11.330 
4.028 12.741 


eo 
ND 


9.766 33-20 
10.563 35-91 


oe) 
die Ni 
NI 
d|-H 


~ 


4.255 14.221 


Upsets marked * are special. 


SS 
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TABLE 90. 
Upset ScREW ENbs FoR RouND Bars. 
AMERICAN BRIDGE COMPANY STANDARD. 


Pitch and Shape of Thread A. B. Co. Standard. 


BAR. UPSET. 
Additional | Diameter Area. 
ee ero Pen | en | oteet es 
Inches. Inches. Lb. Inches. Inches. +10 %, c, At Root Excess 
: Inches. Inches. ee si ae eyo 

* 2 0.442 1.50 I 4 4 0.838 0.551 24.7 
as 0.601 2.04 ia 4 s 1.064 0.890 48.0 
I 0.785 2.67 Iz 4 4 Jeligg ats 1.054 34.2 
Iz 0.994 3.38 14 4 4 1.283 _ 1.294 30.2 
It E227, 4.17 13 4 4 1.389 RES 2308 
13 1.485 5.05 It 4 4 1.490 1.744 17.5 
14 1.767 6.01 2 43 44 ey a 2.300 30.2 
13 2.074 7.05 2k A 4 1.836 2.649 27.7 
12 2.405 8.18 24 5 4 1.961 3.021 25.6 
Tz 2.761 9.39 23 5 4 2.086 3.419 23.8 
2 3.142 10.68 24 5a 4 2.075 3.716 18.3 
25 3.547 12.06 23 53 35 2.300 4.156 17.2 
2} 3.976 iptalay uE 6 45 2.550 5.108 28.4 
23 4.430 15.06 3 6 43 2.629 5.428 22.5 
2% 4.909 16.69 3% 63 53 2.879 6.509 32.6 
ae 5-412 18.40 3y 63 4% 2.879 6.509 20.3 
2% 5-940 20.19 32 Z 52 3-100 7-549 27-1 
2 6.492 22.07 33 a] 6 Bra 17, 8.641 Sohn 
3 7.069 24.03 32 7 I 3.317 8.641 DOP 
38 7-670 | 26.08 4 72 6 3.567 9.993 30.3 
33 8.296 28.21 4 7 5 3.567 9-993 20.5 
3% 8.946 30.42 At 8 53 3.798 11.330 26.6 
33 9.621 agp? 4% 8 5 3.798 11.330 17.8 
38 10.321 | 35.09 4s 8} 5} 4.028 12.741 23.4 
Ba 11.045 37-55 42 8% 6 4.255 14.221 28.8 
34 11.793 40.10 43 83 ey 4.255 14.222 20.6 


Upsets marked * are special. 
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ORDINARY EYE BARS 


AMERICAN BRIDGE COMPANY STANDARDS 


TABLE OL 


STANDARD EYE BARS 


ADJUSTABLE 1 ee Bars 


= 


<a eet 
| 


Lear 


<B> 
BAR HEsaD 
5 ¥ _ _ |Add. Material B 
Thick- Max. Pin |Add. Material A Q ? BOS a MORES SE 
S ; oO qd BS bers = 
S ness A =a % is x g a se . ! He 
ea : . @ ys u A oe x - We ee 
didlacno | [a (Sad lees | 2 | ga | 5 | em | Slee eee 
elvlal a | @ las (OSs ess] 215 | a | ge] @ |ou* lee 
Tal = v ws ox | Q ‘6. bo 
alg) 8 ALES | S#h |58 S BO | Se eee 
7 Sear il pares 1-0 | 0-7 Fe, | TF 30:6. pre 12 | 8 
an ae a 53 Bre || Gyo es eb ear Ih 3 ee WIN | Ze 12 iss 
Sits hin pe SOs Bee |Iy woe I 9] 1-4 q 2 31.4 | 43 II 7 
6 23 |eoens -.| I- 3 | O-I0 #3 24 41.2 43 12 8 
24 |r| 3 7 Se |! cledey |) 37 | aie) Ie! 4 24 | 38.5 5 1 8 
es Peale ec bles) oe aye 2-0|1-7 I 23 26.7) as 12 7% 
73 al earns i- 6] I-1 *3 24 34.3 5 I2 7 
3 |12| 3 Se | ae 40-7) Fle | I Selig or] 28" 4h.6 1" see 33 aoe 
Si ia Pk * OF Be en hamrsieesy eee 34 I-10 I 24 Dae 3 3 84 
3 10 43 Seelam et —16, — 27 23cm se 13 83 
4 |1E|% II 52 | 37-5 | 2- 3 | I-Io0 Sif 22° /92.0 1 ge eae 
pipes a pe 6f |......) 2- 8 | 2 2 || 4 I 3 35.7 1 6 13 84 
3 ‘12 hae 2-1 | 1-8 1% | 32 144.6 | 6 14 93 
i SN at 135 62 | 35.0 | 2- 8 | 2-2 *3 2t 36.2 6 i) 8 
beet ee Oa aes Srnec. ul 3H Sul 2= 9 f 3 24.1 6 II 7 
3 14 ie ae 2- 4 | {-10 || 5 I 3% 30.2 | 65 12 8 
6 \2 11 142 | 6£ | 37.5 | 2-6] 2-1 Ts. Lehi Some; 13 Ep 
ee Tole 16s Ee ae te a= 2 | 2-28 It 35 Super 14 9 
I 163 Wir tie st 2-7 | 2-2 AU ae || 258 ae 12 72 
7} 2/418 173 8 | 35.7 | 2-11 | 2-6 |] 6 1g | 32 | 28.0) 7 12 8 
Tg | *183 Walle eaica ae ea Ig oe 33.2 73 malts 83 
roa Sea 18 Bane tl oe eees) 152: 422 PS7 ga ee 14 | 93 
8| 2 | 14 19 8 | 37.5. | 3-0] 2-6 *13 4 26.9 | 72 12 8 
14] *20 Pe GRO e wae il ae Ig | 44 | 29.5 - 13 83 
Pla ley 20 a 2-II 2G Ig 42 32-4 Py 14 9 
912 ak] #22 EAR OW GEG habe, 1 | 48 | 35-4 | 83 | 14 | 98 
4 223 g |......| 3- § | 2-10 ALS | 40 2250 8 a2 Se 
10| 2(|-4h) © 24 4. 10k | 35.0} 3-9 |.3-93 Ee Peteee Mien 
3| x i = a 8 Is | 44 | 29.3 | 82 13 83 
13 25 1g soleus 4-1 | 3-7 8 
ss ae | Dees 10 eee A peas sata 2 14 9 
12| 2/13] 28 114 | 37.5 | 4- 2 | 3- 8 Rete OP eile Seas poe 
Reals ike |e e208 Teh on eeanarts 4-8 | 4-1 
1s a 12 |.-+-- Sree) eh Se Bars marked * should only be used when un- 
Ra oe 183 eo 14 | 35-7 | 4-10 | 4~ 4 |lavoidable. 
ea) Bs ING 34 AS Silos ss SIGBS Bae Minimum length of short end from center of pin 
160) 2) | te 36 14 | 37.5 | 4-11 | 4— 5 || toend of screw 6-6”, preferably 7’—-0”, 
23 IZ *373 | TOW|AGA 4 eS aus 4a kO Thread on short end to be left hand. 
Bars marked * should only be used when ab- Deduct: Fie Os eee 
solutely unavoidable. 
Deduct Pin Holes when figuring weights. 
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TABLE 92. 
Loor Robs. 
AMERICAN BRIDGE COMPANY STANDARD. 


= For Turnbuckle 
kat For Sleeve Nut 


Pitch and Shape of Thread A. B. Co. Standard. 
ADDITIONAL LENGTH ‘‘A”’ IN FEET AND INCHES FOR ONE Loop. 
A =4.17P + 5.80R. 


Diameter or Side ‘“‘R”’ of Rod in Inches. 


HO 
W[CoRo| It ol 


iS) 


is) 
an > w 
et) el) el 


1 
t 
23 
3 
£ 


is) 


* 
WwW w 
Hm 


Wh 
bolt bolt bolt 


fe) 
bole 


bxHoO 
bolt O/H oft 
WD 
boltto|e oj 
bol | bo 


Ww 
di-K 
aX 
die 


NOW 


1 
27107 
2-lie 
3- 03 


bol tol role 


Nie 


1 
py 


Pins marked * are special. Maximum shipping length of “LL” = 35 feet. 
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TABLE 93. 
CLEVISES. 
AMERICAN BRIDGE COMPANY STANDARD. 


All dimensions in inches. 


| Clearance Line 
Ke 


Grip = thickness of plate + 3”. 


Head. . 3 $3 

Ge i ter A , c re 
ae of ‘Pin, 3 5 = FI eo Nut. ee ae 
os : : 1S = Bs} 2 a oa | AS 
eo | ore = a Se a os | Es 
2 OB Oo 
oS A rae =a S 

D T Max. | Min. W E 1D A Max. | Min. N B 
3 3 2 1% 4 13: -) $e) 1 5 ig [ist ea 4 ds 
4 4 2 2 5 pee 38 1% 6 WE 0} “as pole | ze 8 | 4 
5 5 3 2 | 13 ]*23 | 43 Paar 23 Cag ab he ge re eOrees 
6 6 ri 3 2 3 3 7 Aa RS) 23 | 2 23 | 48 | 26 | 6 
7 7 ee) ee? Le) Ps ML a ee ee Oe) 5 gy 

CLEvis NUMBERS FOR VARIOUS RODS AND PINS. 

Rods. Pins. 

Round.| Square.| Upset. x i 1} | rj 2 | 2} 2} | 23 | 3 | 34 3% 
spake heaye I 3 3 Lame rahcncet|| aa or er ose RES cece Se ees eee 
4 3 ie 3 3 3 4 4 achilles doce ceelieuas Shc atane eateg ara 

oi s igs 4 4 4 4 wil Soa Sod. Sues, eee ae ee 
I a ig 4 4 4 4 adc [Eteete ee Recreate se 
1g I 1G} 4 4 | 4 4 5 ie Peters ees acta sa. 
1d 1g iso eee as 4 4 4 4 5 5 ills Se sng ener clea eae se eee 
Mee Vie eet 13 5 pe es 5 5 is Ses eens Gee ee 
Ly 1} Teg eel aes lean ix 5 5 | 5 ip Meee aa | oe alee 
me t: PIS EW Acorn ad Me ae 5 5 5 5 5 6 63> | Saeed eee 
Gi Tleoos 25 5 5 5 cart lees 6 6 dee ee 
Ig 1; 2i 6 6 6 6 6 ui) 7 
2 13 Dae atone GWE Releeees el oes CaN esate as 6 6 6 6 6 i) 7 
De 13 2k 6 6 6 6 | 6 7 7 
24 Te Oe ole Se ly ae Sears nce Reena | Sree 7 7 | 7 | 7 7 
23 eS ee ee 7 4 7 7 7 


Clevises to be used with the Rods and Pins given above. - 


Clevises above and to right of zigzag line may be used with forks straight, those below and to 
left of this line should have forks closed so as not to overstress pin. 
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TABLE 94. 
TURNBUCKLES AND SLEEVE Nuts. 
AMERICAN BRIDGE COMPANY STANDARD. 


All Dimensions in Inches. 


TURNBUCKLES, SLEEVE NUTS. 


i er Sig Lew ee | 
te ial. 
Cima ea (Olathe 
LeB-ol & baie ee . ee cal 
A = 6”; A = 09 for turnbuckles marked *. 
Pitch and shape of thread, A. B. Co. Standard. Pitch and shape of thread, A. B. Co. Standard. 
Diam. Standard Dimensions, So 3 | Diam. Standard Dimensions . 2 3 
of —_| we of Aas 
Screw 55 | Screw v3 
U es eas Gar’ Seem wise. Payot tye het tA ee t | ee 
3 is oe ie is 4 I = Re Pica: aie ehect feria Parra el] 'oy'werie fl cies oa ttatl Shay etroatell recta nenter o> fie eee all aera 
16 32 Vas : i 3 12 raids: castitepetiehel all oat eaetaeel (onat seme het eters tes en cscs te wel || Metre. cl fadaee 
4 3 a | & 2 Sp) xe I Pe (tee reeks ae Ries orig © SE! MN eR ee (ae 
5G ae Ti6 is 5 - 135 13 Srarehere flea. a: ts [eit eit tlle eee lle alice Sitcivepan ee alleen fon neekomam 
CT Ae ee eu ee eae (Pe pce (ed eee Ba 
204950) 8) | Ive | 34 | xe | 2 Eo ite open ema e Smeal Wy eens ier 50 bye ak a Ree 
a rive | 83] 12 erice 25 3 Ee tes | 7 Oe ie ep eetes eee 3 
T 2 9 lercg lp cogey || aire 276 4 di 13 @ jis | as Ig a 3 
1% emeOietscet ca.) 32) | fre). 5 | xe [ae | 7b 2 | ate ae | Be) oe 
if 1} 9t 1x5 2 13 2% 6 It re Tae rps || ie 16 4 
Ton) 27a) t0 21ie | 3° | 15 | 3ze| 7 |. 12 | 2 Solis 1 2e rhe vies 5 
1d | 2% |103 | 12 5 13 Bare 8 13 2 8 23 | 22 13 3 6 
1g | 2x6 |1og | 2 mooi tee \adaah LOnp ests. }. 24 ss Sehhe2e | Fae. ake ny teed o 
Eee 2e | itt, | 25 z. 42 Sc) Lis tes  2ros Saar Seal Jag tile Voor, (859 
Bee tense) Ge 122, bose.) 12] 1% 1.25 £9 | 3a) 3a, [2b | 3] fo 
SE ae oan ee pen 2ee | 4avel t4 4) 2 25 Ae O Ai Sae) Seu hieee be ay [aed 
Celi tee | 123) 23 Se 2be | 4a 17 |) 2k e2 o| 093) | 35 | 4ee (ree. | eri ots 
pemse Wi i228) ie |. te 2a | AE) 20 | 2d. f° 28 | 99). 33 | 426 | 22 [ogee | 15 
Be 3a | 135) 2% Stee) Aer) 22.46 22 131) jo10 go 4g [heen | el 18 
23 Zeb Baur aSEe [nee 3 Bey 625 he. 23 es 4 ao eee omnes Meer om Bia 
erage Viats 1°34 Sern Gte sa 33 2k a Sk) B05) | ae 476 eee, | he 8 
Peesie Vi4g Sie) ler |-32- | Ove | 96°) 2% | -39 | 42 $ | 53 Paelre cae 
eee DS metas gees Lta-|-39, +|.68 +} 40 Soli Age | Santas ele. 28 
@r e4e 1154. | 3% | tie | 4 Opa, SOV pese ese; ate ho eae) 3B te, 1 138 
Reese | ton hae. | Tay | 4 74 | 65 Fh 4 Viet See) OF. Use eat 940 
arse. li7e2|.416°|, ir | 5 8z | 95 Po hedge tes toh, | Ore (3 [ate | 47 
Pee Ole Lion 4e | Tre | 5 8 |108 | 4 4 13.) 63! | Vie | 454) .1 55 
Sex | ot |t40 | 4b | 42 | 133 | 62 | 72 | 48 | Ide | 65 
GF tO; 57195 | 43 | 5 |-34 eA-7z8 [4a | Tle 175 
Gee (lites. WOR 5 arcana, |rpe.q oll ook osseoie cies aaa 


TABLE 95. 


BripGE Pins AND Nuts. 
AMERICAN BRIDGE COMPANY STANDARD. 


All Dimensions in Inches. 


To obtain grip, add 35” for each bar. Nuts threaded 6 threads per inch. 
To obtain distance between shoulders, add amount given in table to grip. 


Pin. Nut. 
Diameter of Pin, | Thread. Add | Thick- Diameter. Diam-| #3 

d. (|S to ness. | | Depths Se b 2 Pattern 
ites b nae c n m ic 8 Hole Be Me : 

2, 24) 12 1 a Fs 216 38 23 i 175 1.0 |) PN 

23, 2a) 2, 1g 4 Heel “Sie ote 38 z 1té 1.7 | PN 22 

Boise, 3a 28 IZ 4 13 4i5 | 5 33 3 2y¢. | .2-5.| PNae 

#37) | at 3 13 3 1Z 4g 5h} 48 3 276 | 3-7 | PN 24 

4%, 43, “42/32 1 3 1% 5a 63 i 3 3t6 | 461 PN 25 

ree a Oe es sd cS ey Pee pee MT 

By are TO |) ae If 3 13 7 83 63 3 46 7-8 | PN 27 

#62) FOR ans 1% i 1} 73 8% 7 3 418 | 9-9 | PN 28 

wa’ ane 2 PC 2 z Ig 85 98 73 2 Sis | 11.8 | PN 29 

Gap Chee as ACS 2 i Te |} Sku a0 8 z Sis | 14.3 | PN 30 

*74, 8, .*8i| 6 24 a 24 93 10% 83 3 533 18.6 | PN 31 

*83, oe 24 rf 25 10g 1i¢ 93 3 pie | 223.8.) PNiag 

*gi, 10 6 23 3 2+ 11} %3 102 3 sie | ar. PN 33 


Pins marked *.are special. 
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TABLE 96. 


Cotter PINs. 
AMERICAN BRIDGE COMPANY STANDARD. 


in Inches. 


10ns 1n 


. 


All Dimens 


ores 


eT 


2 
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HorizoNTAL Pin RouGH oR FINISHED. 
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riot lool 
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Pin. 


Diam. in In. 


bb db Cn iadtion 
RleodHnlH 
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TABLE 97 


BEARING VALUES OF PINS. 


Bearing Value of Plate 1’ Thick for Unit Stress per Square Inch of 


Area. I2 000_ I5 000 
785 I2 000 I5 000 
L227, 15 000 18 800 
1.767 18 000 22 500 
2.405 21 000 26 300 
3.142 24. 000 30 000 
3.976 27 000 33 800 
4.909 30 000 37 500 
5-940 33 000 41 300 
7.069 36 000 45 000 
8.296 39 000 48 800 
9.621 42 000 52 500 
11.045 45 000 56 300 
12.566 48 000 60 000 
14.186 51 000 63 800 
15.904. 54 000 67 500 
17.721 57 000 71 300 
19.635 60 000 75 000 
21.648 63 000 78 800 
23.758 66 000 82 500 
25.967 69 000 86 300 
28.274. 72 000 90 000 
30.680 75 000 93 800 
33.183 78 000 97 500 
35-785 81 000 IOI 300 
38.485 84 000 105 000 
41.282 87 000 108 800 
44.179 go 000 II2 500 
47.173 93 000 116 300 
50.265 96 000 120 000 
53-456 99 000 123 800 
56.745 102 000 127 500 
60.132 105 000 13I 300 
63.617 108 000 135 000 
67.201 III 000 138 800 
70.882 114 000 142 500 
74.662 117 G00 146 300 
78.540 120 000 150 000 
82.516 123 000 153 800 
86.590 126 000 157 500 
90.763 129 000 16I 300 
95.033 132 000 165 000 
99.402 135 000 168 800 
103.869 138 000 172 500 
108.434. I41 000 176 300 
113.097 144 000 180 000 
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20 000 22 000 24 000 
20 000 22 000 24 000 
25 000 27 500 30 000 
30 000 33 000 36 000 
35 000 38 500 42 000 
40 000 44, COO 48 000 
45 000 49 500 54 000 
50 000 55 000 60 000 
55 000 60 500 66 000 
60 000 66 0900 72 000 
65 000 71 500 78 000 
70 000 77 Q00 84 000 
75 000 82 500 go 000 
80 000 88 000 96 000 
85 000 93 500 102 000 
gO 000 99 000 108 000 
95 000 104 500 II4 000 
I00 000 IIO 00O 120 000 
105 000 II5 500 126 000 
IIO 000 I2I 000 132 000 
II5 000 126 500 138 000 
120 000 132 000 144 000 
125 000 137 500 150 000 
130 000 143 000 156 000 
135 000 148 500 162 000 
140 000 154 000 168 000 
145 000~| 159 500 174 000 
150 000 165 000 180 000 
155 000 170 500 186 000 
160 000 176 000 192 000 
165 000 18I 500 198 000 
170 000 187 000 204 ©00 
175 000 192 500 210 000 
180 000 198 000 216 000 
185 000 203 500 222 000 
190 000 209 000 228 000 
195 000 214 500 234 000 
200 000 220 000 240 000 
205 000 225 500 246 000 
210 000 231 000 252 000 
215 000 236 500 258 000 
220 000 242 000 264 000 
225 000 247 500 270 000 
230 000 253 000 276 000 
235 000 258 500 282 000 
240 000 264 000 288 000 


Diam. of Pin 
in In. 
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TABLE 98 


BENDING MoMENTS ON PINS. 


Max. Moments in Inch-Pounds for Fiber Stress per Square Inch of 


» 
B 
al 
5 


Area. | 15 000 | 18 000 | 20 coo | 22 000 | 22 500 | 24 000 | 26 000 


-785 I 470 1.770 I 960 160 2 210 
L227, 2 880 3 450 220 4 310 
1.767 290 7 460 
2.405 580}. 11 800 
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TABLE 99. 


Lone Pitot Nuts. 
AMERICAN BRIDGE COMPANY’S STANDARDS. 


Pilot Nuts are made from Special Hard Steel 
and finished all over. 


Screw, 6 Threads per Inch. 


Straight 
Inside. 
Straight 

© Portion 

Outside. 


Diam. 
of Nut. 
© Portion 
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TABLE 100 
SHorT Pitot Nuts AND Drivine Nuts. 


AMERICAN BrIDGE ComMPANy’s STANDARDS. 
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TABLE 101. 
ScREW THREADS. 
AMERICAN BRIDGE COMPANY STANDARD. 
Botts, Rops, EvE Bars, TURNBUCKLES, SLEEVE NUTS, AND CLEVISES. 
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For Screw Threads, Bolt Heads and Nuts, the American Bridge Company has adopted the 
Franklin Institute Standard, commonly known as United States Standard. 
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TABLE 102. 
BoL_t HEAps AND Nuts, DIMENSIONS IN INCHES. 
AMERICAN BRIDGE COMPANY STANDARD. 
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Bott THREADS, LENGTH IN INCHES. 
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Bolts not listed are threaded about 3 times the diameter; in no case are standard bolts threaded 
closer to the head than } inch. 
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TABLE 103. 


Botts with HEXAGON HEADS AND NuTs. 


AMERICAN BRIDGE COMPANY STANDARD. 
WEIGHT IN POUNDS PER 100 BOLTS. 
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— Diameter of Bolt, Inches. pete Diameter of Bolt, Inches. 
Head ay Head, 
Inches. 3 § a g r Inches. Naa 2s i ae i 
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TABLE 104. 

BoLTs WITH SQUARE Heaps AND Nuts. 
AMERICAN BRIDGE COMPANY STANDARD. 
WEIGHT IN POUNDS PER 100 BOLTs. 

Diameter of Bolt, Inches. 
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Square Head and Nut : 2.55 5.48 8.08 
Weight of Shank perInch........]  - 5007 6815 .8900 
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TABLE 105. 


LENGTHS OF BOLTS AND TIE Rops. 


We Bee 


t 
fe----—-Lengthe-=---->4 


fo ——T_ 
oe 


For Cut Threads 
use §”, 3’ and 3’ Rods 


For Rolled Threads use } 
3” instead of 3’ Rods 


_Lé'to | 26" | toss" is tol1g! 134" |toasg” 18”” instead of 4” Rods 
te Sse -Center-to-Center-of-Beams- --- ->{ 
Cto'C Cito 1€ CtoC Ctor€ Le 
| Beads, Lgth. Beata’ Perk. asa Laxh. Uoneaa. Lgth. aes Leth. Bey Leth: 
Minn bb te atid Chee ih Y ese Fh é “dd 44 44 ‘ “d ott 4 At dedi: hh 
I-O ~3 2-455; 612-9 13-10, -11 | 4-3. 5-T, 2,371 5-6, 16-70) 8.10) 7-Ou Bao 8-3 
I-I, 2, 31-6 |2~-7, 8, 9|3-0' | 4-0 4-3° |5-4, 5; 6|5-9 |6-10, 11 |7-3 (8-1, 2, 3| 8-6 
1>4,$,6/1-9 |2-10, 11] 3-3  [4-15" 25.3 (4-1 5-7, 8,9) O70 TN Remy. Ip) Cx =O) 
I-7,.8, 9| 2-0 |3-0 3-3..14-4, 5, 6] 4-9" |5>10, 116-3" 17-1, 2.031769 0—9, Owed mo—e 
E10, .11//2-3 13-1, -2,.3| 3-0. 14-7, 8,.015-O. Geo 6-3 17-4 5; 61'7-0.| 8-10, Fr eio=g 
2-0 2-3°<|374,.5,, 613-9" 14-10, TT 15-3 () Onis 2a) GG 77 ema) 0 
2-1, 2, 3 2-6 3-75 8, 9| 4-0 5-0 53 6-4, 55 6 6-9 71050 8-3 


TABLE 106. 
STRUCTURAL RIVETS. 
AMERICAN BRIDGE COMPANY STANDARD. 
WEIGHT IN POUNDS PER 100 RIVETS witH Burron HEaps. 
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TABLE 107. 
LENGTHS OF FIELD RIVETS AND BOLTS FOR BEAM FRAMING. 
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TABLE 108. 


: STRUCTURAL RIVETS. 
AMERICAN BRIDGE COMPANY STANDARD. 
LENGTHS OF FIELD RIVETS FOR VARIOUS GRIPS. 
Dimensions in Inches. 
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TABLE 109. 
STANDARDS FOR RIVETS AND RIVETING. 
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TABLE 110. 


STANDARDS FOR RIVETING. 
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TABLE 111. 
STANDARDS FOR RIVETING. 


STAGGER OF KWETS REQUIRED 
TOMAINTAIN NET DECTION 


SPACING OF STAGGERED 
AIVETS IN ANGLES 


Gin 
° 5 Me 3 “Vy, 7 He 
inched Bi 
LIS, 1 f 

3 ws 


= 
Sly 


ss 
ei bet 


yrdamotriv.tz . 
a-y-\la%b? =Ly. 
b= VLayry* 


[WOHOLES OUT 


y=alam.oFri. +f. re 4 . ; 
With Crivets inmember deduct Crivets ib < bintable. a-Ly=|a%b*3y 
De EC a“. Tits ie He Bb" 4 b= Layry? 
"Zu ww 4 5 Bxb0 4» — farfirivetstakebs lessthan b for} 
ap ay teed Pace) RP ES EO 7 a Marte: 64 more tanb forge 


228 


ABER? 112" 
STANDARDS FOR RIVETING. 


CLEARANCE FOR COVER PLATE RIVETING 


Sa a rae 
ir le ealedl zh 

sfolstrlalelal | LLL 
wae Velo LLL 


Value of D in Inches: 


if /z 7 i" Je" /Z" joe fee se Jé y py /2\/ J3 jis 18 24 1") 9 
Vg lg 16 2 rd '%6 lj 
2 
lé 


SS SIN No Slo, 
S 


be 
Sai, 


CLEARANCE FOR RIVETS IN CRIMFED 
WEB RIVETING ANGLES 


sc. 
S! 
# 

1 


pat Pod “Rivets 
k= » es 
oO ee an 3 AG 
7H 


BYE 0 Fon 
; Tay eee f. : Distance “b” should be 
4 yi /5 plus thickness of chord 


va 
lz 9 ag Ig Ue angles, but never less than ea 


229 


TABLE 113. 
STANDARDS FOR RIVETING. 


STANDARD RIVET SPACING FoR CAULKING 
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TABLE 114 
SHEARING AND BEARING VALUE OF RIVETS 


Values above or to right of upper zigzag lines are greater than double shear. 
Values below or to left of lower zigzag lines are less than single shear. 


had E 8 3 Bearing Value for Different Thicknesses of Plate at 12 000 Lbs. Per Square Inch. 
gS : 
Ft : Px: gos 
es ao Bes av 5 3 Kay aw 9 5 ais 377 13/7 (aa 157 ” 
Aa ala 4 16 8 16 2 16 8 16 4 16 16 i 
PMAIELQO TEI SOs BOOMS SO\azO["21030|.3 COOlk caw ls anceillos esielstac.cclerasatalioences cee selugaae 
& |-307/1 8401 880]2 340/2 810] 3 SREP Ts PECL A AIO) FANOQOIN ghee otlel ls edu, coke 
$= |.442/2 650 |2 250|2 810/3 380] 3 940] 4 500| 5 60] 15103 OMOREOO O75 Ol eens) | eee | oe 
% }.601/3 610 |2 630]3 28043 940] 4590] 5 250] 5 910] 6 560| 7 220] 7 880] 8 530] 9 190] 9 B4ol..... 
I |.785}4 710 |3 000|3 750|4 500 5 260] 6000) 6 750] 7 500] 8 250] 9 000| 9 750/10 500/11 250|12 C00 
eet 8 S 2 Bearing Value for Different Thicknesses of Plate at 15 000 Lbs. Per Square Inch 
> «(2's 
f#a/gs/e05 a 
oe a3 gem 4” 5"" 3” is” 3 ts” Bit HN a” 43” a 45/7 ma 
PME REQG Ted 7On Fe 8GO29540| 218 LOLS 200} 3° 7.50lle.terecell opelenctall'a) ¢) ol aue'|lphe sev hela broil veloto Rule a tteteeaiee: 
PMRSOTI2 300 12 $40\2'930|3 620] 4 100] 4.690]. 5 270) §:860/).. eh. ww ref, osielae ae sfswaatafen ses 
nLAA2 134310] 20810\3 62014 220] 41920) § 630| 6 330] 7:030l7.730| 8 440] 5... .)..0.-P---- silos +e 
% |.601/4 510|3 280|4 1004 920] 5 740] 6 560] 7 380| 8 200| 9g 020] 9 840/10 660|11 480/12 300]..... 
I |.78515 890}3 750)4 690|5 630 6 560] 7 500] 8 440] 9 380)10 310/11 250|12 190/13 130/14 060/15 000 
* Rivet § Sin Bearing Value for Different Thicknesses of Plate at 20 000 Lbs. Per Square Inch 
Ea S4 we ivr 5 3Vr Tt 1// g9/F 5/1 AEP 3/r 13// vadd 15/7 qf 
a <5) ra i} 4 6 8 16 2 16 8 16 4 16 8 16 
% |.196|1 960 |2 500|3 130/3 zsol 4 380 OOO ste ew-tc1| Aacusre cll eyetonenal Gtername le aaa cyocea di soe eee 
8 |.307|3 070 }3_130]3 910/4 690] 5 470 GiZEOIA7 OZ OR 7 OO |e fove rs etl oberawe | oso enn eteces. + | scree ol ee 
2 1.44214 420 |3 75014 690|5 630| 6 560] 7 500) 8 440] 9 380 TO:STOM TIZSOh oe rere aebaterelll mescte lero 
$ |.601/6 o10 |4 380]5 47016 560] 7 660} 8 750] 9 840/10 940]12 030/13 130/14 220|15 310]/16 4I0]..... 
I |.78517 850 |5 o00|6 250|7 500| 8 750/10 OOO|LI 250/12 500/13 750|15 00] 16 250/17 500|18 750/20 ooo] - 
Sou § = 2 Bearing Value for Different Thicknesses of Plate at 22 000 Lbs. Per Square Inch 
fo} 
Ba ga ok 2 wt 1/r g/t 5/1 11// 377 13/7 TW 15// ut 
oe az gam ie Mane a 2 16 8 16 4 16 8 16 I 
PEEL OO ZET OO) 27.5 O\3tAAO| ALON ds B.1O| 9515 00|(ei ere © | otros -\|iater+ ole ifiekel sues il «) east si| ofetonee| ele ore i| = gates 
& 1.30713 37013 440|4 300|5 160| 6 D501 6 SSOl"F 7IOL COO wa al eseM fonts cle cde eis ote ates Hane 
+ 1.442/4 860 |4 13015 160|6 190| 7 220] 8 250| 9 280]10 Z3IO/II 340/12 380].....].....].....]..... 
% |.601/6 6104 810/6 o20]7 220] 8 420] 9 630)10 830/12 03013 230/14 440/15 640/16 840]18 O5o|..... 
I |}.785/8 640|5 500|6 880|8 250| 9 630/11 CO0|12 380]13 750/15 130/16 500|17 880/19 250|20 630/22 000 
Rivet 8 Se Bearing Value for Different Thicknesses of Plate at 24 000 Lbs. Per Square Inch 
A : ney 
g q g5 ene ws ay 37 au av 97 Sur 11/1 3/1 13/7 La 15/7 ” 
ao a3 i SoMeeTG a ike i6 3 16 3 16 a t6 S ie I 
4 |.196|2 360 |3 000/3 7504 500] 5 250) GO0O].....]-. see fore e efor ee efee ee efee seers ee[eeeee 
& 1.307|3 680 |3 750/4 690/5 630] 6 5601 FAS OOM STAAO | O13. CO|leavonare| [emai atoll ere-otee oul <ocorsl il tserel oa flats, ore) 
2 1.442/5 300 |4 5005 630/6 750] 7 880] 9 coo|10 ROILLA5OND GEO|13 SOO ae ls core |y «Salaun 
Z |.601/7 220 |5 250|6 56017 880] 9 190|10 500|11 810]13 130|14 440|15 750/17 060/18 380).....].. 
r_ |.785|9 420 |6 000|7 500/9 900] 10 500/12 O00|13 500]15 000/16 500|18 o00|19 500|21 000/22 500/24 000 
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MULTIPLICATION TABLE FOR RIVET SPACING 
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| Pitch of Rivets in Inches 
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MULTIPLICATION TABLE FOR RIVET SPACING 


Pitch of Rivets in Inches 


CC Oe CC Oe A ee cn Pr erry 


7|I-|I- 9g|I-1og|I-11§]2— 03|2- 23) 2-4] 2- 53] 2- 73] 2- 93] 2-11] 3- Of] 3- 23) 3- 43| 3-6 
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eae 
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To\2-6|2— 74|2— 83|2— 94|2-11 |3— 13] 3-4) 3- 62] 3- 9 | 3-113] 4- 2] 4- 43] 4- 7 | 4- 93) 5-Ojz0 
TI|2-9|2—10§)/2-114/3— 13]3— 23|3— 52] 3-8] 3-102] 4- 13] 4— 44] 4- 7| 4- 94] 5- 03) 5— 34] 5-Olzz 
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18|4-6|4— 84|4-103|5— O%|5- 3 |5— 72) 6-0] 6- 43] 6 9 | 7- 14] 7- 6| 7-103] 8- 3 | 8 72| 9-0]78 
19\4-9|4-113/5— 12/5- 43|5- 635-114] 6-4] 6- 82) 7— 13] 7- 63) 7-11] 8- 32] 8- 83] 9- 12] 9-6lz0 
20|5-0|5— 23/5— 5 |S— 73|5-10 |6- 3 | 6-8} 7— 1 | 7- 6 | 7-11 | 8- 4] 8 9 | 9 2 | 9 7 |10-0/20 
21|5-3/5— 58|5— 84|5—10g|6- 13/6- 62/ 7-0) 7— 5%| 7-103| 8- 3%| 8— 9] 9- 24] 9- 72|10- O4|10-6laz 
22|s—6|s— 83|5-113/6- 24/6- 5 |6-103| 7-4) 7— 93] 8- 3 | 8 83] 9- 2] 9- 73/10- I |10- 63/11-0]22 
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2516-3|6— 63/6— 92/7— 03/7— 32/7— 93| 8-4) 8-104] 9- 43} g-10$/10— 5)10-11Z/1I— 53/1I-11$|/12-6/25 
26|6-6|6— 93/7— o8|/7— 33/7— 7 |8— 14] 8-8] 9— 24] 9- 9 |10- 34]10-10]1I— 43/I1I-11 [12- 53|/13-0/26 
27\6-9|7— O8|7— 34|7— 78|7-103/8- 52| 9-0) 9- 64/10 13|10- 
28)\7-0|7— 33%|7— 7 |7-103|8- 2 |8— 9 | 9-4] 9-11 |10- 6 |1I~— I }1I— 8{12— 3 {12-10 |13- 5 14-0 
29|7-3|7— 6§|/7-102|/8— 12/8— 53/9- 03] g-8/10- 34/10-103|1I— 5$/12— 1|12- 84/13- 32 13-10$|14-6 
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TABLE 116. 
AREAS TO BE DEDUCTED FOR RivET HoLEs, MAxImuM RIVETS, AND RIVET SPACING. 


AREAS IN SQUARE INCHES, TO BE DEDUCTED FROM RIVETED PLATES OR SHAPES TO OBTAIN NET AREAS. 


Thickness Diameter of Hole in Inches (Diam. of Rivet + 3”). 

of Plates. 

Inches. pacts nee snares] 22 oolairos| - 8 ketene tags (este pes 18 u Tvs | If | ire | 1% 
< @6 08) .09  |eE E503)" 143|.16)| 2074|) 6191] 201227123 ee 25027 ee oles On mee a 
a5 OSs) LOU) SUSHI LAB sel O tee S20)! 25201623 lee Suter 27a ee 2O i easo 33 He pacei7ells og) 
= 09: | <12)|.-T4> 16. | 219i) 220) 23) )/)-26)) 328.) 2301)! 334]! 43h 3S) 4 OU Az edgalieay 
i6 II | 14 | 16 | .19 | .22| .25| .27] 30] .33| -36) .38| -41| 44] -46| -49| .52| -55 
2 13 | .16| .19 | .22 | .25] .28] .31| .34] .38] 41] .44] -47] .50] -53] .56| .59| .63 
s T4ieES |) 20] 226 (28) 32 15.3541 5.3 Olle. 2 461) 2-40) ©2534) 5 OsleeeONls -O3aln 0 7a| mee 
3 16 | -20 | 23 | .27 | -31| -35| -39| -43| -47] -51] -55| -59| .63| .66| .70| .74| .78 
ié 17 | +21 | .26 | .30| -34| -39| -431 -47| .521 56] .60| .64| .69| .73| .77) .82| .86 
§ TOM 23a 20" e=BS7 SO) eed ain 47a eee \66| .61| 661 .70| 75 |. 80) 84 Soom 
43 20 | 257.30 | .36| .45| .46]) .53| :56) 61) .66)).71:|)-.76)) 85286) Kon 9631-02 
3 22 | .27 | .33 | 38] -44| -49| -55| 60] .66] .71| .77] .82| .88] .93]| .98| 1.04 | 1.09 
ie 23), 629 | 35 |-Ale|>.471) 653] -59)| .64)) «70) 276] %.82)) .6O 195-94). 1.00) NOG het Faekaty) 
I 2613311 39: || -44 | -50} 561) 263 |. 60) .75)1 <85 |) 7:88: (641 1.00) 06) tora). NO)lataas 
Is 27-\ 33 | 40 | 464-53 | 2:60) *.66)|. 73°! 80} .86)) 293:| Teo") 1-06)| 1-13")1-20,)ne 20} mess 
aS 528.4) .38 42 | .495)".561 663)| 670) 277) 284) OT |) <O8s| 1-05 1.135) 1.2027 ae oA ae tr 
ac 30 |°:37 | -45 | .62| .59] .67 |, -74| .821) 891) .96) 1.04.) 1.11 | 1.19 1-204 1.345) eqn aS 
mee 31 | -39 | -47 | .55 | -634..70] .78| .86] .94|1.02] I.09 | I.17.] I.25 | 1.33 | 1 41 | 1.48 | 1.56 
Tas 333 [e-4ib 1-491 657] 66,)0274:|...82)|- 90.) .981}1-07 ) 1255: |\1.235) 1-3 1c 1-30) PA Si res Ouereom 
ne 34 | .43%| 52 |-.601| .69)|| 77] .86,| .95)|1.03 0.12 |) 1.201) 1.29 | 1.38 | 1.46. Tene Ay Onnlane 2 
a6 36 | .45 | .54.| -63 | .72| -81] .90] .99/1.08 |1.17-| 1.26 | 1.35 | 1.44 | 1.53 | 1.62 | 1.71 | 1.80 
13 38 | .47 | 561 66] .75| .84| .94|1.03 |1.13 |1.22 | 1.31 | 1.41 | 1.50 | 1.59 | 1.69 | 1.78 | 1.88 
17s 39 | -49 | 59 | .68 | .78] .88] .98|1.07|1.17 |1.27 | 1.37 | 1.46 | 1.56 | 1.66 | 1.76 | 1.86 | 1.95 
i 40/251 |,.02 | .71 | 1.81.01 | 1.02 |¥.12)1.22 11.32 |-0-42 | 1.52) 1.03 |T.730! 1-83 5.93) 2c08 
nae 42 | .53 | .63 | .74| .84| .95 |1.05 |1.16 |1.27 |1.37|1.47 | 1.58 | 1.69 | 1.79 | 1.90] 2.00 | 2.11 
12 44] 55 | 66 | .77| .88| .98 |1.09 |1.20]1.31 |1.42 | 1.53 | 1.64 | 1.75 | 1.86 | 1.97 | 2.08 | 2.19 
133 45 | -57| -68 | .79 | .g1 |1.02 |1.13 |1.25 |1.36 1.47} -1.59 | 1.70 | 1.81 | 1.93 | 2.04 | 2.15 | 2.27 
If 47 | 59 | -70 | 82 | .94|1.05 |1.17 |1.29 |1.41 |1.52 | 1.64 | 1.76 | 1.88 | 1.99 | 2.11 | 2.23 | 2.34 
138 48 | 61 | .73.| .85 | .97|1.09 {1.21 |1.33 11.45 |1.57 | 1.70 | 1.82 | 1.94 | 2.06 | 2.18 | 2.30 2.42 
2 -50 | .63 | .75 | .88 |1.00]1.13 |1.25 |1.38 |1.50 |1.63 | 1.75 | 1.88 | 2.00 | 2.13 | 2.25 | 2.38 | 2.50 


MAXIMUM RIVET IN LEG OF ANGLES OR FLANGE OF BEAMS AND CHANNELS. 


Leg of Angle $ Te WGUS Ol akan Kova Settle ie oe i Ce yal, ee Wels aR / 8 
Max. Rivet Pla ea) el dle a eel erg ee 
Depth of Beam celal ie Wicre |) cae Aiea As let 9 | 104 12.) Xe\)- 49" eeonitawel oe 
Max. Rivet Piel al bl $l -3 4 ee eee 
Depth of Channel 3 Aeneas Co 8 9" |. 10 | 22 rs rane 
Max. Rivet e143 J asa seb) Pelee S| cole 
RIVET SPACING IN INCHES. 
Minimum Pitch. Max. Pitch in Line of Stress. Min. Edge Dist 
Size of Max. Edge 
Rivet. | Allowed. | Preferred. ee Bridges. Bld’gs. Sheared. | Rolled. Dist. 
ae 3 4 on fs Sus B 0 : a é he 
i i Ze ) AD 8 BRS ox it s Bos 
te +t a3 3, SO eee ee, 14 1% os 
3 28 3 32 ©. 5 i uae ie 13 iG oo 
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TABLE 117. 


OLp STANDARD CONNECTIONS FOR BEAMS AND CHANNELS. 
AMERICAN BRIDGE COMPANY. 


ONE ANGLE CONNECTIONS 


[Size] TWO ANGLE CONNECTIONS 


ClsAxAxrextbe IL Ox6xixh5z. 
Weight 36 pounds Weight 30 pounds 


ls Ax Axe xFe} ILOx6xiexk2e 
Weight 30 pounds Weight ¢5 pounds 


a Watt v7] AL LD 
aK ROO aT 2\86 xAxixl0 fat cet Je IL 6x 6xipxl0 
He oping! BD eal becca 
ee Weight ¢7pounds Sa eS Weight ITpounds 
a yi Vtg 


= x, Ce GxdutexTe rare, IL 6xOxiex lz 
Es Weight 20 pounds a == —— Weight IBpounds 


MM u“ 


Me IL 6x6x7%x5 
ogi STS3IM 
fea Weight 9 pounds 


2 iat 


cae 2 Oxdxigx5” 

= ES Weight 14 pounds 

eet le 

Teste 
Weight 9 pounds 


Ui “ 7 “Uou 


" eee 


tae Weight 1 pounds 
srs EOL ute ARB IL Ox6xixe 
aaa Weight 6 pounds iad Weight pounds 


Weights of connections include gross weights of angles and weights of 2 shop rivets 
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TABLE 118. 
NEw STANDARD CONNECTIONS FOR BEAMS AND CHANNELS. 


20;’ 
514" 
Peat 


now 


AXA Vg 


2Angles 
: Mu LA A 

10 9% 8 
1 “wn 
bu 


Tie 


2Angles 4x 4x7 4x 01112" 


7? 6 6 


eb) dE 


- , , 7 
4x4 XA gx 0.32 2 Angles 6’x 436% 05a 2 Angles 6% ay Bx 03” 


18” 


‘i 2Ve' 2Angles 4’x4xVox0-1ye 
Rivets and bolts4’diam., 


UA 


24 2yy" 


LIMITING VALUES OF BEAM CONNECTIONS. 


AMERICAN BRIDGE COMPANY. 


Values of Outstanding Legs of Connection Angles. 
I Beams. enue of Web 
pareeHon. Field Rivets. Field Bolts. 
i Shop Rivets | 34” Rivets or | Min. Allow- 34" Rouch | Min. Allow- | ¢ 
Depth, oe ee Dec Turned Bolts, able pees in a ete Single ee in | In. 
Inches. z earing, ingle Shear, eet, n. i : eet, 
Hees: Pounds. Pounds. Uniform Load. Shedneunes Uniform Load. 
27 83 66,800 61,900 18.4 3 49,500 2BrE $ 
24. 80 67,500 53,000 17.5 = 42,400 21.0: 
24 693 52,700 53,000 16.3 3 42,400 20.2 2 
21 573 40,200 44,200 15.5 as 35,300 17.6 2 
20 65 45,000 35,300 17.6 $ 28,300 22.1 a 
18 55 41,400 355300 13.3 3 28,300 16.7 3 
18 46 29,000 35,300 15.0 5 28,300 15.4 3 
15 42 36,900 35,300 8.9 3 28,300 raga 3 
15 26 26,000 35,300 Thee is 28,300 Il.I ts 
12 315 23,600 26,500 8.1 15 21,200 9.0 8 
12: 275 17,200 26,500 10.3 is 21,200 10.3 4 
ite) 25 27,900 17,700 74 3 14,100 9.2 3 
10 22 20,900 17,700 6.9 2 14,100 8.6 3 
9 21 26,100 17,700 Bey, 3 14,100 7.1 3 
8 18 24,300 17,700 4.3 3 14,100 5.4 3 
8 173 18,900 17,700 4:4 3 14,100 Bas A 
7 15 11,300 8,800 6.2 3 7,100 7.8 3 
6 124 10,400 8,800 4.4 2 7,100 i535 & 
5 9¢ 9,500 8,800 2.9 3 7,100 3.6 3 
“ ALLOWABLE UNIT STRESS IN POUNDS PER SQUARE INCH. 
Rivets. 2.3 dt = ens SOD 12,600) Rivets—enclosed..........Shop 30,000 
Single |Rivets and Turned Bolts .Field 10,000 : Rivets—one side. .........Shop 24,000 
: Bearing |p: : > 
Shear |Rough Bolts...........Field 8,000 Rivets and Turned Bolts . . . Field 20,000 
Roush Boltsem eric seer Field 16,000 


t= Web thickness, in bearing, to develop max. allowable reactions, when beams frame 
opposite. 

Connections are figured for bearing and shear (no moment considered). 

The above values agree with tests made on beams under ordinary conditions of use. 

Where web is enclosed between connection angles (enclosed bearing), values are greater 
because of the increased efficiency due to friction and grip. 

Special connections shall be used when any of the limiting conditions given above are 
exceeded—such as end reaction from loaded beam being greater than value of connection; 


shorter span with beam fully loaded; or a less thickness of web when maximum allowable 
reactions are used. 
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TABLE 119. 


STANDARD BEVELED BEAM CONNECTIONS, 
AMERICAN BRIDGE COMPANY. 


BEVELED BEAM Bes RIVET SPACING & eee 
3" or less." VW 8 Genre ae =$' or less, use Standard 
seams angles (bent). 


4 
W= 2 “tol, use Special 
connection angles (bent): 


> 

Omit cue P where 

9=3"inl2; or less 
Ge G “or less+ 


For large duplication modify Fk details where necessaly to 
F23"or less- 


ae machine riveting Table covers oe up to 4" thick- 


2 a 


ieee 


SF BRSSLC®NAGA ONY 


SN 


S 


S 


S 


S 


NIC NIN NIS NIN NIN NINNIS NIN ot 


S 
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TABLE, 120. 


STANDARD Sway Rop AND LATERAL CONNECTIONS. 
AMERICAN BRIDGE COMPANY. 


SWAY ROD CONNEC eS 
<= r 26 


Sy For upset rods & rods over /z round use clevises: 
“\y Specify hexagonal nuts on all sway rods- ee 
Bolts can have hexagonal Y rceifiiare heads or nuts* 


Hole for rod punched ig z larger than rod: 
“round (not upset), Bolts 2 Z, og? 3 round: Rod / ‘round (not - Bolts 3 3ors a 2 round: 
“round (not upset), Bolts 2 z “ar? round. Rod l$'round (nok upset), Bolts 3" round: 


el eRe ze of Angle ra Rul (Aa Boe Size oF Angle 
6"tole"| 6X 4x3 2, 5 long 33 | /2"| | 12" |6"tol2| 645,63 ae 
12" |6°x4 "2" jong| 32" (a 6'tol?"| 12” |8x4*% eng 13 /ong 


BEVELED WASHERS, CAST [RON 
a 


Ss 


2 f 
(4 
(en = pte 
othe (6 " Sal 
ay ERS 7 


ES 
eee J 


w 


% , ' 
ylK Size of Slol\ Weight) . 
in Plake \ Pounds 
aA iz" 4'\if ee ig Ne 24" 


ae 

8 ie | |? 

/ um 

; 8 

8 32 
@ 

/ 2 
4 


For joes above if ‘diam: use clevis connections: 
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TABLE 121. 


STANDARD LATERAL CONNECTIONS FOR HIGHWAY BRIDGES. 
AMERICAN BRIDGE COMPANY. 


< SKEWBACK A’, Weight 6-8 Ibs: 
RS 6e 99 yt 
a SL tel for rods up ee lz round 
= or Iz Square iy Wes Lo [ 2 round) g 
ue ae cee rae i" For upsets |g diam: or "fess, angle 
i Ya 2 Ie i 32 | i 32 Re Z oF rod may vary From 32°(7£" in 12") 
‘8 r< i be PES, £0 60° (12"in 6 )* 
8 ° amt PONG G47 oy: FS For upsets greater than BD “diam: up 
S ee OD, to /g diam angle of rod may vary From 
ie ‘ > ° 41S “(2 "in 12") to 60°(2 “in 6 2"). 

{__Y cae 6 ee a 


Cich raie its “Py ie gis Standard slot in beam 3$°* 6". 


SKEWBACK B, Weight I7 Ibs: 


Skewback B for rods lg ‘round 
or If ‘Square Gi upset Lo /2 3 “round; 
/g 2, ‘round (ypset tol$ round) or 


/'10 “long: 


= Lphe v7s > ‘Square (upset to2'round:) 
Nig For upsets /z 3 ‘diam- or less, 
x 2 angle of rod may vary es ae: 2° 
‘2 ig" ia Ie") to 60°(l2"in 6’). 

x For upsets greater than Iz Bi aa! 

op up o 2'diam-, angle of rod may vary From 
# 58§ (93 "in 12") to 60 (l2"in 67g). 


Radius = 48" $" Ged slot in beam 4% "6" 


G99 
SKEWBACK o Weight 23 Ibs: 


Skewback ‘Char rods IZ A 3"round or 
i ‘square (upset to 2"round); 
ra g ‘round (upset to 23 round) or 
; /3'square (upset to "aa, “round) 
Angle of rod may vary From 
2 408° (108 in 12") to 643 (2m SZ) 
for all rods - 
Standard slot in beam 42°63" 
Where upset end of rod /s greater 


ais aca 2, a4 a ‘Chan 23 “diam, hole in washer will 
Cpe ieee 2: . be drilled bo Fit upset - 
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TABLE 122: 


STANDARD LATERAL CONNECTIONS AND STUB ENDS. 
AMERICAN BRIDGE COMPANY. 


UY PLATE A, Weight 3:9 Ibs- 


U PLATE B, Weight 86 Ibs- 


For rods up to #2 “square or lig round (upset wolZ? /square or [gz round (upset cols) 
W 2 W 77] for ra 00s 3 uw bt 
Pate 5*z xi!" fong- up to I? square or [3 round (upset to2) 
ee WASHER WASHER ; 
aah Weight 0-5 lbs- Weight I 1b- it 
¥ Plate 3°*7'*33 = Plate 35 x2 x33 
Max-hole lz"  _Max-hole 23° ' 
; Signe es 5 Tay 7 ee LP 5M. 3M pit ye ee re 
# Se) fe) SE ir 
‘ 1 3% 7% [ie Sd SS rh ae er) i o / = eR eh 
ply chy 3 Veen ee La ee 3 } K i 
cae eee Yee: Ua Va t th leh 
eats PERL ar 
STus Evo N2? 2+ — Stup Ep N23- COOPER HITCH 
STUB END N2}- Weight 3:5 Ibs- Weight 5°5 /bs- aaa 
Weight 4-3 Ibs- Plate 2° 2° 7£'long. Plate 2°; 7E long. 
1 Wye a >. 
Plate 22555 73 "long: Holes #t" diam- «jy tloles £ dam- Te 
Holes jg diam- 5-5 
a psn 
4p gl Bn anes STUB ENd N2g.- 
q a Weight 5:2 lbs. 
-- Plate 42) 33" /ang. 
om sis Vee 7s To 
i t t 
-* 
\w 
en 
Wwe x a 
me we | 
| HS = Y) ' S| 
SSS ! 1 
[=| ) wis) =| ! ' 
: aa toa i 
fe) wey ¥ Sy. 
ey 
%; 


aia n 
# ound, 73 /ong 


2 Hex-Nuts: $° Tap- 
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7H yu zu ” v oS 
x round, 73 long # round, 72 long F round, 8” ong: 


2Hex-Nuts- 3 Tap. 2 Hex-Nuts-§ Tap. 2Hex Nuts § lap 


TABLE 123. 


STANDARD LAG Screws, Hook Bouts AND WASHERS. 
AEERICAN BRIDGE CoMPANY. 


LAG SCREWS BEAM CLAMP 


oe ? Cored Hoke 

¥ Cored Hole = 
niin lah Wa ale Length of Lag |. 3-7 =~ % |I/ze |D, Dimensions af Camp| Weight | 
; : Screw & Head) Fad\ ink OF |S 


eas hee Length 
Vianeber a 


ae mania Ibs: 
Og ! 


NIN NIN NIN 


CoN Alor Caley Hlto ngs FINlox Fy 
NIN 


( . - / ‘ 
* [size Weight 
Bolt falafel [ele] in Pounds 
z V3 eet. 


ae 
SS OWNS 


S 


Heads are the same as for square head. balls: 
Threaded portion is not tapered except at point 


> 
Inbilh ling Hook Bolts give dimensions A, 
SEL; all other dimensions ae. standard. 


Used Dimensions of Washers ae Unless otherwise specitied, Swill 
mol Tw eo Lee Lie eta Pet ise 
| A 


5m} 
ae ‘ 
Pat 


, 

cy) 

a 

NIN ‘a 
~ 


G 
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TABLE 124. 


WEIGHTS OF WASHERS AND TRACK BOLTs. 


WEIGHTS OF LAG SCREWS. 


Pounds per Hundred. (Kent’s Pocket-book.) 


Length, Under Head, in Inches. 


2 24 23 3 33 4 4 5 5% 6 


7.50| 8.25] 9.25] 9.62/10.82)11.50/13.31/14.82|16.50/17.37|18.82 
..|11.75|12.62|12.88}13.28]16.62/18.18]18.88]19.50/21.25/23.56/25.31 
16.88|17.18|18.07|19.18|22.00|24.00/26.82/28.25|30.37|33-88|35.37 
34.07|35.88/39.25/42.62|47.75|51.62/55.12 
seneeesae-|----------|04.00/67.88]71.37179.3.7| 86.62 


r= 
2 


ys|o. Gofen bo] 


For American Bridge Company’s Standard Lag Screws see Table 123. 


WrovucGut IRON OR STEEL PLATE ROUND WASHERS. 


Num- | Diam.| Hole. . | Num- | Diam. 
| berin .W.G. ber in 
200 Lb. 200 Lb. 


5 
lool 
3 
fe 
5 
lave 
5 


85200 
34800 
26200 
14400 
8400 
5800 


4600 
2600 
2200 
1600 
1200 

888 


o[ay [Co 
al? 
leo ba|— 
| Oojen 

am 


feted lade! 
Inar|coo| 
Go] ~11]69 Colon 


Od|RAIE 


ra 
ir) 


|toncht ls ceol lenin 
NPY PW 4 eH 
we [Cobo| 

AP PWWW 


I 
4 
1 


oe 
ete) 
ah 
ein! 


Col 
el 


g) 


+ 
°| 


STANDARD Cast, O G WASHERS. 


Diam. Bottom Top _ | Thick- Weight Diam. Bottom 
of Bolt. Diam. | Diam. ness. ‘| of Bolt. Diam. 


q 
o 
® 
jan} 
)) 
a 


— 
i=) 
= 
5 
es 
5 
ae 
o 
— 
B 


In. In. 


Jo 
waloo 
leo 


et Co]aazyp co cole] 
(eter arte arta) 
Jr@|coa|-1or] 

COSHH Oo) 

[CORO] | OO] 


Ll 
a) 
oe 
-_ 


ol Go|—3 Co|aayS|co Colon 
Nol bol] 69 bolt 
Lo lo I a 
CON ADS 
Per eta 
PwWWW Pb 
lt ot 
Noe Re 
QO} Co]—700|Ct | 
seal 
Le ee 


no = & 


Track Botts. 
With United States Standard Hexagon Nuts. 


200 Lb. 


| ey | Nuts 
No. in Keg, 

Kegs . 

per Mile. 
No. in Keg, 


Pal 


celsscolaxcrlcel-a | 5 | Nuts. 


fal 


tal 


wh i 
esi Se Sy | No. in Keg, 
anon 


=x = = SS 

BIR EIR RR RR ee 

Qo[en colon coltn colon |6o. 
nw 

YY wWWw 


TABLE 125. 


WEIGHTS OF STEEL WIRE NAILS AND SPIKES. 
AMERICAN STEEL AND WIRE Co. 


STANDARD STEEL WIRE NAILS AND SPIKES. 
Sizes, Lengths and Approximate Number per Pound. 


(a 3 : ; 
S|) 3! olgsk % d| 
» if) ie} . 
BIZ el | § [alm 3 s} 3 | & 3 |b 
Ses] | 3 |eeel a] 2 2) Sloe E14) al si 
rE £] 2/3338 B| &| 2/e48| 3 A ize. 
He 8] mlSea] @| @ ie Se eo & 
In.]5 “| & a a = | tn. 
i i 
cle se 3 
$|- z 
rT I |2d Ex. Fine 
t 8 ad 
1} 1} |3d Ex. Fine 
14 14 3d 
1 bi i eee Oe eee. 
1% 14 4d 
It 14 5d 
2 2 6d 
2h ey aie 7d 
24 24 8d . 
22 23 od 
3 P| tod 
3t 3h r2d 
33 34 16d 
4 4 20d 
43 44 30d 
Sy 5 4od 
53 53 5od 
6 6 6od 
7 7 #s Diam 
See he 
9 9 ee 
Bae) 10 3 
I2 t2 3 “c 
MISCELLANEOUS STEEL WIRE NAILS. 
Approximate Number per Pound. 
a Rae 
u 5 n 
B g o ee Length in Inches. 
gs3 gg 
ag | 24 
Ba | As 4 S| Pew foxk. oad | tha) 2th. bak |4 |4hl 5s | 6 | 7 | 8 of 20 
000 3 
00 
° i 
H 
2 ? 
3 z 
4 
5 
6 
a 
8 
9 
Io 
II 
12 
13 
14 
TS 
16 
17 
18 
19 
20 
21 
22 


These approximate numbers are an average only, and the figures given may be varied either way, by changes 
in the dimensions of heads or points. Brads and no-head nails will have more to the pound than table shows, 
and large or thick-headed nails will have less. 
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TABLE 126. 
WEIGHTS OF NAILS AND SPIKES. 
FROM CAMBRIA STEEL. 


Cut STEEL NAILS AND SPIKES. 
Sizes, Lengths and Approximate Number per Pound. 


and Box. 
Edge Grip. 


600 


.| Shingle. 


SQUARE BoaT SPIKES. 
Approximate Number in a Keg of 200 Pounds. 
Length of Spike—Inches. 


3 4 5 6 


3000 | 2375 | 2050 | 1825 it 510 |400 |360 
1660 | 1360 | 1230 | 1175 | 990 | 880 335 |300 |275 
I320|1I40| 940] 800] 650 | 600 260 |240 |220 I90 |175 | 160 | 


RAILROAD SPIKES, 


Spikes per Mile of Rail Used. Spikes per Mile of 


2 i - 4 : Rail Used 
Size Under} Average Single Track. : Size Under | Average Single Track. F ; 
Head. Number | Ties 2 Ft. c. to c., oe Head. Number | Ties 2 Ft. c. to c., Yoo 
per Keg 4 Spikes per Tie. 2 per Keg 4 Spikes per Tie. Di ard, 

of 200 Lb. }- of 200 Lb. 


Inches. Pounds. Kegs. Pounds. Inches. Pounds. Kegs. Ponds: 


colen 


7040 353 75 to 100 4B X ge 3110 I5t 20 to 30 
5870 203 BS GS 4 Xia 2910 14% 20) “930 
5170 26 40 56 34 Xue 2350 It 6. “25 
4660 233 35 40] 4 X3 2090 hie is 
3960 20 30 35 33 X3 1780 16 “ 20 


2 


3520 173 25 35 3 Xt 1710 16 ‘* 20 


wolM nl 


X XXX XX 


Je Sle 


| 


ie 


hARuUnANHN 


DH Se SIE 
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ARAN BYLISS PY fe 
PrrpE—BLACK AND GALVANIZED. 
NATIONAL TUBE COMPANY STANDARD. 
STANDARD PIPE. 


Diameters, Inches. bein San Couplings. 
Biel Threads 
Inches. Plain ‘Theeada Hi. Ft Poe Di i 
ameter, Length, Weight, 
External. | Internal. Ends. Inches. Inches. Pounds. 


and 
Couplings. 


405 269 .068 244 Q 562 
-540 364 .088 424 : 685 
675 493 O91 567 5 848 
.840 .622 .109 .850 : 1.024 


Oj~z 


.029 


bol coleo RIE Gol 
_ = 
joo Go| e 


1.050 824 “103 1.130 3 1.281 
reels 1.049 ; 1.678 : 1.576 
1.660 1.380 : Depa : 1.950 
1.900 1.610 , 2.717 2.218 


= 
teloo 


no eS & 
loo Cole Oojaz color 


_ _ 
BIE RIK 


a 

= 
to) 

is) 


2.760 
3.276 
3-948 
4.591 


& 


Per Hs 2.067 : 3.652 
2.875 2.469 | . 5-793 
3.500 3.068 A 7.575 
4.000 3.548 : 9.109 


iS) 


Coler lH la olen 


WB W 


4.500 4.026 : 10.790 
5.000 AseOO. all: 12.538 
BA5 08 5.047 : 14.617 
6.625 6.065 : 18.974 


5.091 
5-591 
6.296 
7-358 
8.358 
9-358 
9-358 
10.358 


Ww w& 


lm Colt olen Golen 


woes. 


aN 


7.625 7.023 : 23.544 
8.625 8.071 : 24.696 
8.625 7.981 ; 28.554 
9.625 8.941 ; 33-907 


ay es 
Colt color color Cole 


nan wm 


O 
Co} Colt Co] Col 


Ti 72 0 
TEe720 
11.721 
Wy20 


10.750 | 10.192 ; 31.201 
10.750 TOMO" les 34.240 
10.750 10.020 : 40.483 
11.750 1 1-OOOmm| line 45.557 


HN wv 


a 


13.958 
13.958 
15.208 
16.446 


12.750 12.090 | . 43-773 
12.750 12.000 : 49.562 
14.000 122 SOM loa. 54.568 
15.000 14.250 é 58.573 


Oo. 


[on 
| Colt Coles Gojpt 


cal 
non wnwnonn oo aowooao a wow ao oo wownnwo a SS I 
tole 


ON 
| 


16.000 15.250 eels 62.579 17.446 


The permissible variation in weight is 5 per cent above and 5 per cent below. 

Furnished with threads and couplings and in random lengths unless otherwise ordered. 

Taper of threads is #’ diameter per foot length for all sizes. 

The weight per foot of pipe with threads and couplings is based on a length of 20 feet including 
the coupling, but shipping lengths of small sizes will usually average less than 20 feet. 

All weights and dimensions are nominal. On sizes made in more than one weight, weight 
desired must be specified. 
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TABLE 127.—Continued. 
PirpE—BLACK AND GALVANIZED—Concluded. 
NATIONAL TUBE COMPANY STANDARD. 


ExtTrA STRONG PIPE. DovuBLE ExtTrA STRONG PIPE. 


Weight 
per Foot, 
Pounds. 


Weight 
A per Foot, 
Thick- | “pounds. Size, 
Ness, 7 hilar at In. 
Inches. 


Diameters, 


Diameters, Tack 
nches. 


Inches. 


Plain 


Internal. Riles 


External. | Internal. External. 


095 .840 
1.050 
1.315 
1.660 


1.900 
2.375 


2.875 
3.500 


i252 
434 
599 
896 
1.100 
1.503 
east 
2.300 
2.728 
3.152 
3.580 
4.063 
4.897 


5-875 
6.875 


1.714 
2.440 
3.659 
5.214 
6.408 
9.029 
13.695 
18.583 
22.850 
27.541 
32.530 
38.552 
53.160 
63.079 
72.424 


-405 
540 
675 
-840 


215 
302 
423 
546 


742 

957 
1.278 
1.500 


1.939 
2.323 
2.900 
3-364 
3.826 
4.290 
4.813 


Ico NH oleae Go| 
= et 
cote 


NIH AIH 


1.050 
1.315 
1.660 
1.900 


2.375 
2.875 
3.500 
4.000 


4.500 
5.000 
5-563 


a 
NIRA 
Nl-H 


die 


4.000 
4.500 
5.000 
5-563 
6.625 


7.625 
8.625 


Nie 


Nie 


COND MPHW WHDHNDH 
dI- 


ON ASHP CW HKDHND 
NIH 


6.625 


7.625 
8.625 
9.625 
10.750 


11.750 
12.750 
14.000 
15.000 


16.000 


5-761 
6.625 
7.625 
8.625 
9-750 
10.750 
11.750 
13.000 
14.000 


15.000 


Furnished with plain ends and in random lengths 
unless otherwise ordered. 

Permissible variation in weight, for extra strong 
pipe, 5 per cent above and 5 per cent below. 

Tor double extra strong pipe, 10 per cent above 
and 10 per cent below. 


All weights and dimensions are nominal. 


Larce O. D. PIPE. 


Weight per Foot, Pounds. 


Thickness, 


Inches. 


t 


54.568 
58.573 
62.579 
66.584 
70.589 
78.599 
82.604 
86.609 


94-619 
102.629 


16 


63.371 
68.044 
72.716 
77-389 
82.061 


91.407 
96.079 
100.752 
110.097 
119.442 
128.787 


. 138.132 


3 


16 


5 


3 
4 


$ 


I 


72.091 
77-431 
82.771 
88.111 
93-451 
104.131 
109.471 
114.811 
125.491 
136.172 
146.852 
157-532 


80.726 
86.734 
92.742 
98.749 
104.757 
116.772 
122.780 
128.787 
140.802 
152.818 


164.833 
176.848 


89.279 

95-954 
102.629 
109.304 
115.979 
129.330 
136.005 
142.680 
156.030 
169.380 


182.730 
196.081 


106.134 
114.144 
122.154 
130.164 
138.174 


154.194 
162.204 


122.654 
132.000 
T41.345 
150.690 
160.035 


178.725 


138.842 
149.522 
160.202 
170.882 
181.562 


202.923 


T'7O.205 lie ctics viv een| ner 
TSO.23G ieee 
2022.00 | aeaeteeete 


28275) lls vet chal teers a 


2RAS2OO Ne. ec aire eee eee 


Furnished with plain ends and in random lengths, unless otherwise ordered. 
All weights and dimensions are nominal. 
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TABLE 128. 
STANDARD GAGES. COMPARATIVE TABLE. 
CARNEGIE STEEL Co. 


Thickness in Decimals of an Inch. 


HS ¢ | 
re Sg. o & eee a fa 
B.8f | 8 Sg le el ee ge. | 38 
Gage : 2 as a ° > nah 
Number. | 208, | 2 %a So | gta | te | BS oe 
aeef |] $858 g5@ | oSpe | Se | Shs age 
Sioa | a $a peer eeeeek dey | tee 28 
BV 23 ~w U9 Pes Cer sd HO 2 gB ag 
a dS 2 AH < ¢ 5 q a Ba oa 
a 3 a f gs” 
=) bat a 
OOOOOSOS hifi Bs ven SFOOMERN CET pa ees sae | co AGO ai Seeaes a ee 500 
Coe ce) | ea wees 46875 .5 80000 AOI Capt eae sete oe 464 
00000 500 4375 -5 16500 4305 450 432 
0000 454 40625 4 3938 400 AQOg. mi Se Fo antes 
000 425 375 409642 3625 -360 ie 5000 
00 380 34375 364796 -3310 330 348 4452 
fe) 340 3125 324861 +3065 305 324 3964. 
I 300 28125 289297 2830 285 300 3532 
2 284 265625 257627 .2625 265 276 3147 
3 259 25 229423 +2437 245 252 2804 
4 238 234375 204307 (2253 22% 232 2500 
5 220 21875 181940 2070 205 212 2225 
6 203 203125 162023 1920 190 192 1981 
7 .180 .1875 144285 .1770 sigs .176 1764. 
8 165 .171875 .128490 .1620 .160 .160 .1570 
9 -148 15625 -114423 -1483 145 144 1398 
10 > E34 140625 -101897 .1350 .130 128 -1250 
II .120 125 .090742 .1205 Liz 116 III3 
12 -109 -109375 .080808 -1055 -105 104 .099I 
13 095 .09375 .07 1962 0915 .0925 .092 .0882 
14 -083 .078125 064084. .0800 .0806 .080 .0785 
15 072 0703125 057068 .0720 .070 072 .0699 
16 .065 .0625 .050821 .0625 O61 064 0625 
17 058 05625 045257 .0540 0525 .056 0556 
18 049 .05 040303 0475 1045 048 0495 
19 042 04375 .035890 0410 040 040 04.40 
20 035 0375 .03 1961 0348 .035 .036 0392 
21 .032 034375 028462 03175 .031 .032 0349 
22 028 03125 025346 0286 028 .028 .03125 
23 025 .028125 .022572 .0258 025 .024. .02782 
24 022 .025 .O20101 .0230 0225 022 02476 
ae 020 021875 .O17900 .0204 .020 .020 02204 
26 O18 01875 015941 .OI8T 018 018 01961 
27 ..016 .O171875 OI4195 .0173 O17 0164 01745 
28 O14 .015625 012641 .0162 016 0148 © .015625 
29 013 .0140625 .O11257 .OI50 O15 .0136 .0139 
30 O12 0125 .010025 .O140 O14 .O124 .0123 
or -O10 -0109375 .008928 .0132 013 .O116 -O110 
32 .009 .OIOIS625 .007950 .0128 .O12 0108 .0098 
33 .008 .009375 .007080 .O118 , OIL .O100 .0087 
34 .007 .00859375 .006305 .O104. O10 _ 0092 .0077 
35 005 .0078125 005615 .0095 .0095 .0084. .0069 
36 .004. .00703125 .005000 .0090 009 .0076 .0O61 
ZY fee N tace de oe .00664.0625 004453 .0085 0085 .0068 0054. 
ZI al ee eet a .00625 .003965 .0080 .008 .0060 .0048 
SIO)* 9 | ater een AE Rt es SR .003531 .0075 .0075 OOp Dua eto se 
NOY Noes Soe |e Sener ee Aa eer .003 144 .0070 .007 ROOH Ota ls: oon taos eee eee 


Unless otherwise specified, all orders in gages will be executed to Birmingham Wire Gage. 
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TABLE 129. 
STANDARD GAGES AND WEIGHTS OF SHEET STEEL. 
CARNEGIE STEEL Co. 5 


UNITED STATES STANDARD GAGE 
For 
SHEET AND PLATE STEEL. 


Thickness Thickness {Weight per Thickness Thickness ve per 
Gage in in Square Gage an in . — 
Number. Fractions Decimals Foot, in Number. Fractions Decimals ma ’ se 
of anInch.| of an Inch. Pounds, of anInch.| of an Inch. ounds; 
Steel. Steel. 
0000000 4 5 20.4 17 x80 .05025 2.295 
000000 44 -46875 19.125 18 ao 05 2.04 
00000 ie 4375 17.85 19 160 04375 1.785 
20 80 0375 1.53 
0000 ea -40625 16.575 
000 B +375 15.3 21 320 034375 1.4025 
foxe) PY -34375 14.025 22 dr .03125 1.275 
te) ts 3125 12.75 23 330 .028125 1.1475 
24 zo .025 1.02 
I ts -28125 Il.475 
2 ne -205625 10.8375 25 sho .021875 8925 
3 4 25 TO2s 26 x80 .01875 -765 
4 cr -234375 925625 27 B40 0171875 -70125 
: 28 rye .015625 6375 
5 ws -21875 8.925 
6 42 +203125 8.2875 29 Bio .0140625 57375 
7 ar -1875 7.65 30 eo -O125 ‘51 
8 at -171875 7.0125 31 oto .0109375 -44625 
32 1280 01015625 414375 
9 a -15625 6.375 
10 Sr -140625 5-7375 33 aio 009375 -3825 
II $ .125 5.1 34 T2380 00859375 350625 
12 BE 109375 4.4625 35 Biv 0078125 31875 
36 1250 .00703125 .286875 
13 Fy] 09375 3.825 
14 Ox -078125 3.1875 37 3td -006640625 +2700375 
Is 5 .0703125 2.86875 38 160 .00625 255 
16 1 .0625 2.55 
BIRMINGHAM WIRE GAGE. 
EQUIVALENTS IN INCHES. 
CORRESPONDING WEIGHTS OF FLAY ROLLED STEEL. 
Gage Thickness, Pounds Gage Thickness, Pounds 
Number. Inches. per Number. Inches. per 
Square Foot. Square Foot. 
0000 454 18.5232 17 058 2.3664 
000 425 17.34 18 -049 < 1.9992 
haem Mragkiens ew PIR Ret Facet wi | NT ge oe * 19 .042 1.7136 
00 380 I5.504 20 035 1.428 
(0) 340 13.872 
2I -032 1.3056 
I +300 12.24 22 028 ; I.I1424 
2 -284 “11.5872 23 .025 I.02 
3 -259 10.5672 24 .022 0.8976 
4 +238 25 020 0.816 
26 018 0.7344 
5 220 27 -O16 0.6528 
6 +203 28 O14 0.5712 
Of 180 ; 
8 -165 29 -013 0.5304 
30 .O12 0.4896 
9 148 31 .010 0.408 
ro +134 32 .009 0.3672 
ey 120 
12 109 33 .008 0.3264 
34 .007 0.2856 
13 +095 35 -005 0.2040 
14 083 36 .004 0.1632 
I5 O72 
16 .065 
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TABLE 130. 
CLEARANCE DIMENSIONS AND WHEEL LoAps, ELECTRIC CRANES, 
McCurntic-MarsHaLL Construction Co. 


BS) Saal, 
q = 


\ 


Ib 


E 
= 
1 


frome Sang 


caes pit, ~ 


27a pe pe = 


j | 
ERE Led oe | Naan 


This table is for hoist of about 32 ft. 8 S, \@ tel S50 % 
a Higher hoist may increase wheel base. =e BS jo 1S gsc 
2 Dimensions ““R” and ‘“‘J”’ can be reduced if necessary. gs VAS) Bg we Q 3 > 
fa) 8 o Po rot = 
& ie Sm a= | 32 d=| Sula Pas 
é Dimensions in Feet and Inches. Hg | 24 | BS Ee antes 
s RC (eg 
A R J K L M N fe) P a S E|G 
Tons Ft In. | Ft.-In. | Ft.-In. | Ft.-In. | Ft.-In. | Ft.-In. | Ft.-In. | Ft.-In Lb. Lb In. | Lb.| In. | In. 
34 to 30 of 4-10 3-I1 I-9 I- 6 5-2 5-9 6-— 9 9600 | 16700 | 15 | 35 | 9 
34 40 9+ 4-I1I 3-I1 I-9 i= 6 5-2 5-9 6-II | 10400 | 19200 | 15 | 35 | 9 
34 50 | 10 5- 2 3-II 1-8 I- 5 5-2 5-9 8— 4 | I1300 | 23300 | 18 | 35 | 9 
34 60 | Io 5-3 3-II 1-8 I- 5 5-2 5-9 I0—- 0 | 12600 | 27700 | 18 | 40 | 9 
5 to 30 oF 5-4 4- 6 2-0 2-0 5-2 5-9 8— 0 | I1600 | 19500 | 15 | 40! 5 
5 40 10 5-7 4- 6 2-0 I-II 5-2 5-9 8— 6 | 12800 | 22400 | 18 | 40 | 5 
5 50 10 5- 8 4- 6 2-0 I-II 5-2 5-9 8— 8 | 14100 | 26200 | 18 | 40 | 5 
5 60 | ro} 5-II 4- 6 2-0 I-11 5-2 5-6 IO— 0 | 15500 | 31300 | 21 | 40} 5 
5 70 | 10+ 6-0 4- 6 2-0 I-II 5-2 5-6 1I1— 8 | 17100 | 37300 | 21 | 40] 5 
5 80 | 103+) 6-2 4-6 2-0 I-II 5-2 5-6 I3- 4 | 18900 | 43400 | 21] 45 | 5 
to 30 10 5-I1l b= 3 2-4 2~ 4 5-2 5-6 8— 6 | 14900 | 22300 | 21 | 40 | 7 
a 40 at 6-0 5- 3 2-4 2-4 5-2 5-6 8- 8 | 16200 | 24900 | 21 | 45 | 7 
at 50 | 10} 6- I 5=.3 2-4 2-4 5-2 5-6 8-10 | 17600 | 28800 | 21 | 45 | 7 
Vhs 60 | rot 6- 2 5- 3 2-4 2- 4 5-2 5-6 I0— 0 | I9I00 | 34100 | 21] 45 | 7 
13 7O | 11} 6- 6 5= 3 2-3 23 5-2 5-3 1I- 8 | 20800 | 40700 | 24] 50 | 7 
"5 80 | 11} 6- 8 5= 3 2=3 23 5-2 5-3 I3- 4 | 22700 | 47000 | 24] 50] 7 
10 to 30 | Io 6- 5- 7 a—7 2-5 6-2 5-9 8- 8 | 18500 | 23500 | 21 | 45 | 6 
Io 5 ne 6- 5- 7 2-6 2-4 6-2 5-6 8- 6 | 19800 | 28400 | 24 | 50 | 6 
ae 2-6 2-4 6-2 5-6 8— 8 | 21200 | 32400 | 24 | 50 | 6 
7 4 6-2 5-6 I0- 0 | 22700 | 37800 | 24 | 50 | 6 
C | 4 6-2 5-6 II— 8 | 24500 | 43100 | 24] 50] 6 
7 4 6-2 5-6 I3- 4 | 26800 | 52100 | 24] 55 | 6 
7 6-2 5-6 9- 6 | 25700 | 29600 | 24] 55) 4 
7 6-2 5-6 9- 6 | 27100 | 33900 | 24] 55 | 4 
7 6-2 5-6 9- 8 | 28500 | 38600 | 24 | 60 | 4 
4 6-2 5-6 I0- 0 | 29900 4000 | 24 | 60 | 4 
8 6-2 5-5 I1— 8 | 31800 | 51200 | 24 | 60] 4 
8 Sets 4 4 
5 a5 6 a 
5 Sao 6 7 
5 Sa 8 7 
5 on ce) ul 
5 Baro! 8 7 
5 Sa5 4 7 
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TABLE 131. 
CLEARANCE DIMENSIONS AND WHEEL LOADS, ELECTRIC CRANES 
McCurntic-MArSHALL CONSTRUCTION Co. 


a iad 


te----=---4- 


RSSSSSSSSSSSSSSssSsssy 


P| 
y?) 


! 
SE ae 


This table is for hoist of about 32 ft. 
Higher hoist may increase wheel base. 
Dimensions ‘‘R” and ‘“‘J’’ can be reduced if necessary. 


Trav. 


Dimensions in Feet and Inches. 


am. Bridge 


Wheel. 


Runway Rail 


HAAAAA AKOAAS OOS © Be aypey eras) |e 

mn awn awn oo oS i i i i en oo) mn on ~ 

0090000 006 COO GOO UMUNUOOOS COSTOUNM OONUUNNOS o (A. S. C. E.). 
iting Trolley 


Capacity. 
of Crane. 
without Lim- 


Total Net Weight 
| Max. Brace 


K 


S 


M N 


| Di 


Ft.- 
In. 


ec 
Ss 


Ft.- 
In 


44500 
50700 
59500 
69100 
79900 
51100 
68000 
90700 
69300 
77400 
87000 
92200 
96800 
I12900 


77100 
86500 
98500 
103400 
II2700 
‘131700 
IIO0000 
127000 
158000 


II0000 
127000 
158000 


I41c00 
160000 
184000 


I90000 
217000 
243000 
130000 | 310000 
134000 | 333000 
139000 | 364000 


6-2 
6-2 
6-2 
6-2 


AaAnnnrnr 
ieee oa ety a} 


6-2 


6-2 
6-2 
6-2 
6-2 
6-2 


HHHHHH OOO MOM MCo 


NTNUNMNUNMN HHDYN OOCO0 


6-2 
6-2 
6-2 
6-2 


COD COO COO SFR BPNN DODOHPN ADPNHNOWHH DOH MHOONO 


COO RHH ADD COO HHH 


ecoo0 COD OOO ANN 
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TABLE 132. 
CRANE GIRDER SPECIFICATIONS. 
McCuintic-MarsHaLL CONSTRUCTION Co. 


29" | Er logit 
Dian. of Polls| ren MO" pS: 


Mit 


Hook Bolts 


SS a 
Gar 16 “y | Wate aA 
Bs ae oa oe Wyse 


ae ek 9 oe 
5 a ee 
CL Cips HRN 


Weight of Dore ies Weight of | Weight of de ees See: Tepe] 


Rail per * Rail Hook * 
Yard. Be a Bolts. Plates. ef < ee 


tu 
o 


Lb. aT b: In. 


16 ij 
20 5 
25 5 
30 5 
35 5 
40 13 
45 13 
15 
15 
14 
14 
22 


. 


Kel 


C7) 
| 


FR [CO RO 


c) 
| 


ahs 


AnnnAnk 
iS 
Le oe ee oe Be | 


i} 
[oo 
Qo =I |6o Co[CrBo| + Co]co [lt 


roy 
[or] 
Leal 


See 
hese 
be 


0|—3) 
leied 
Ino] 


AnRAnRAERBAHDHROOSO 


50 
55 
60 
65 
70 
75 22 
80 22 
85 23 
go 79:2 
95 86.2 
100 ft opyt 


— 


& b& 
02] bt 20 | G2 Hat Go| ta 
eo 


as rste) 
onion ~ 
|e rela re 


PAPPPRPWOWWHWDHDDbHDHD 
Jom eo Pia nal 
cr) ae -) 

coo] 

Sg 

do bd 
m+ colon 
IH | 


| 
oO 


cw ob OROROKROLOA OF 


Se I ee A ee OO eo oe eo | 
Oo Ne} CO ONIN DN On Ca Bw Wo 
leslobloclee| 
La) 


ray 
oO 
& 


Mannan 


[com 
eco 


Crane Rails: Crane Rails are attached to the girder by means of clips or hook bolts, the latter being used 
chiefly for I-Beams, the flange being too narrow for a clip, and has the advantage of saving punching in the top 
flange. Clips and hook bolts provide for adjusting slight inaccuracies in the alignment of the rails. Rail Splices 
should consist of a flat bar fish plate or a rolled fish plate as angle splices are apt to interfere with the flange of 
the crane wheels. Provide our standard crane stop at the end of the rail. 

Dimensions: In preparing design indicate clearly distances A, R, J, E, G and distances of floor line to top 
of rail. These dimensions should be submitted to owners with design, but before ordering or manufacturing 
any material for the work the owner’s approval should be obtained for same. 
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TABLE M33: 


TypicAL HAND CRANES. 
McC uintTIic-MARSHALL CONSTRUCTION Co. 


a ee : _ | We. of Rails. ae : _ | We. of Rails. 
on ered a Neel le fo auleee er ec ee eee oe 
s| 8) 5 | 22/8/88) £] 28] 2] 2] | 28 shee] 2 lek 
See | | oe OS |) 8] eel Be A ee ee 
© ence CA eee ee oe ae Sa ora Wee (ES 

Tons.| Ft Ft Lb Ft In Lb. per Yd. |Tons.| Ft Ft Lb Ft. In Lb. per Yd. 
Dy. WeseKoy sa 3100| 4 AGO hago I eetitel || BO 7 WIFI30003| 75 10 | 40 | 40 
De | AXe 5 4000] 4 Tae Ona 300) [econ SO) 8 | 14400] 5 10 |-40 | 40 
4 | 30 | 4 | 5400] 43 8 | 30 | 30 | 12 | 30 |. 7 |20700] 53 | 10 | 45 | 45 
4 50 5 6500] 43 8 30 | 30 12150 8 |22300}] 53 TO. jews 45 
6 30 6 8000] 5 OY I. eon |e; 14, |) 30 7 126000) 55 Io || 50 | 450 
O || Gorey 9200] 5 Oe ees Ons 5a Ate SO 8" | 28000;|) 53. iO ka5O. mace 
8 30 6 | 10500} 5 foyi|(2i5 i= Yo) 16 | 30 7 MB 2320011 6 12 eye || sis 
8 50 7 |11800] 5 LOWS algo 16) 150 8 |35000] 6 12 SO. |exsis 
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TABLE 134. 


5 = 4,900,000 h 
£+23,000,0004) 


Yy 
N 


fi=extreme fibre stre 

due to weight. 
f=direct fibre stress 
h=depth of bar, inches| 
/=length of bar, inche 
SHAE 


NAYS 


SADR 
SUAS BASH 


CK NEKSYN] 
KH SSIS SS 


iy, 


iM 
a 


IK 


7 
is 
5 


NJ 
x 


Vd KN 


a M2 
AAPA 
as fA J1X>D 

Z} 


KIN ON NTNTN 


exGs 
RRS 
KOINTN 
SONI 


7 in Tens of Thousandths (0,000! ths.) 


Ill. ExtremeFibre Stress, f, due to Weight of Bar.Lbs. per Sa.ln. 


V6 
= a Sasa 
0 hs 
os LULL 
| (- 3 Ani OOM 7 Oro 10 15 20 


Lane 
la ll.Depth of Bar in Inches 
Ill. ¥+¥2 in Tens of Thousandths 


Problem.—Required stress due to weight of a 4 in. x 1 in. eye-bar, 20 ft. long, which has a 
direct tension of 56,000 lb. 

Then, h = 4 in.; L = 20 ft., and fe = 14,000 lb. per sq. in. The stress due to weight, fi, 
is found from the diagram as follows: On the bottom of the diagram, find hk = 4 in.; follow up the 
vertical line to its intersection with inclined line marked, L = 20 ft., then follow the horizontal 
line passing through the point of intersection out to the left margin and find, y2 = 3-3 tens of 
thousandths;. then follow vertical line, k = 4 in., up to its intersection with inclined line marked, 
fz = 14,000, and then follow the horizontal line passing through the point of intersection to left 
margin and find, 4; = 7.2 tens of thousandths. Now + 92 = 7-2 + 3-3 =,10.5. Find 44 
+ ye = 10.5 on lower. edge of diagram, follow vertical line to its intersection with line marked 
“Line of Reciprocals” and find on right margin, f;: = 950 Ib. sq. in. 

For a bar inclined at an angle @ with a vertical line multiply the fiber stress calculated for a 
horizontal bar as above, of the same length, and multiply the fiber stress thus obtained by sin @. 
For example if the bar above is inclined at an angle of 45 degrees with the vertical; the fiber stress 
due to weight is, fi = 950x sin 0 = 950x0.707 = 672 lb. : : 3 

Every intersection of the inclined f, and L lines has for its abscissa a value of h, which will 
have a maximum fiber stress, fi, for the given values of f, and L. For example for L = 30 tte 
f2 = 12,000 lb., we find h = 8.3in., and f; = 1,700 lb. A deeper or shallower bar will give a smaller 


value of fi. 
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TABLE 135. 


DIAGRAM FOR STRESSES IN SQUARE PLATES. 


2000 


Bia 
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1000 
900 f 
se x Bawa rN 
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Pert atte 
: Zener as Derr Te 
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90 aw AN 
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NA 
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Uniform Safe Load in lbs.per sq.ft. for a Fibre Stress of 10000 Ibs.per sq. in. 


Hh 
HNTENTNCNC ADNAN Noo 

CINE LINI Nt INT ALN NNN TAN PATENT 
FEES AAA ACETONE 


2 3 4 5) Oe an OL On0 15 20 
Side of Squarei in Feet, 


60 
ae 


Safe Loads on Square Plates.—The safe loads on square plates for a fiber stress of 10,000 
peace per square inch may be obtained from the diagram. Asan example, required the safe load 
for a 4-in. Bele 3 feet square. Begin at 3 on the bottom of the diagram, follow upward to the 
line fidPked f-in. plate, from the intersection follow to the left edge and find 280 lb. per sq. ft. 
For any other fiber stress multiply the safe load found from the diagram by the ratio of the fiber 
stresses. To use the diagram for a rectangular plate take a square plate having the same area. 

For formulas for strength of plates, see page 313, Chapter VIII. 


254 


TABLE 136. 
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TABLE 137. 
DETAILS OF A STEEL STAIR. 


L725 27 
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TABLE 15t 
PROPERTIES OF BETHLEHEM I BEAms 


Section Modulus 


Moment of Inertia | Radius of Gy- 
ration 


crease in Weight 


Depth of Beam 
Weight per Foot 
Width of Flange 


Thickness of Web 
@ 16,000 Lbs. per Sq. In. 
Add for Each Pound In- 
to Produce Equal Radii of 
’ Gyration About Each Axis 


Axis Axis Axis Axis | Axis 
I-I 2-2 ie 2-2), | aR1 


Increase of Web and Flange for 

Each Pound Increase in Weight 

Maximum Safe Shear on Web 
Maximum Bending Moment 
. Spacing Center to Center 


Ih qT T2 Si 


In z a Seale Gel Lb. 


349.3|103 800|465 740 
286.7 000}382 
229.0 305 


198.5 264 
186.7 248 


174.3 232 


156.0 207 
146.7 195 
126.9 
122.2 
117.2 


98.1 
93.6 
91.7 
88.7 


106.2 
88.6 
81.3 
64.6 
60.9 
59.0 


44.9 
38.1 
36.0 


26.9 
24.6 


20.5 
18.9 


ris 
14.3 
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TABLE 152 
PROPERTIES OF BETHLEHEM GIRDER BEAMS 


me 11 2 ge A 
ices D = 2 vz, |Os82 
a2 | _,/2) = | #¢ | e638 
» a a 2-- —2 os] 8 ow o.8 oe 
a| 3 $) 3 |as | S| 4 | 88a 1 Se lege 
¢| ¢ Seale a g agd | 3& |g50s 
eaters reel pots AMEE il < a 4} ad [Soe 
Beto] Sourav © 8 a Boo | Ao (Sues 
oe % Bg | w |ad : = Y zg 4B | oie Ss 
S| 2 | < | @ | © | 25 | Moment of Inertia) Radiusof Gy- | 3 ‘d £S £§ |Z258 
| 2D & fay allie : ration 2) oO Ke 70 |aumMe 
8 S B| 3 Be Sau Se q sé za ne 
a (ee =I < . 
& e: ¥& | Axis 1-1 | Axis 2-2 | Axis 1-1 Axis | Axis z ° ae 
Sin 2-2 | I-I % = iT 
~~ oO ———| 
a8 Ih Te at re Si a My, m I 
In.| Lb. | In.2 ]} In. | In. | In. In! InJ In. In. | In® Lb. Ft.-Lb. ne In. 
30 |200 |58.71|.750|15.00].010|9 150.6] 630.2 | 12.48 | 3.28 |610.0/189 300 |813 390|1 960) 24.09 
180 |53.00|.690|13.00].010| 8 194.5} 433.3 12.43 | 2.86 |546.3/165 200|728 400|1 960} 24.20 
28 |180 |52.86].690]14.35].011 | 7 264.7] 533.3 II.72 | 3.18 |518.9]161 500 |691 880 |1 830 22.57 1 
165 |48.47|.660|12.50|.011|6 562.7| 371.9 11.64 | 2.77 |468.8)150 300 |625 020)1 830] 22.60 


26 |160 |46.91|.630|13.60|.011| 5 620.8] 435.7 10.95 | 3.05 |432.4/135 900 |576 490 |I 700} 21.03 
150 |43.94|.630/12.00|.011| 5 153.9| 314.6 10.83 | 2.68 |396.5}135 900 |528 600|1 700] 20.99 


24 |140 |41.16].600]13.00].012 | 4 201.4] 346.9 | 10.10 | 2.90]350.1j121 700 |466 820]|1 570] 19.35 
120 |35.38].530|12.00].012 | 3 607.3] 249.4 10.10 | 2.66 |300.6) 98 500/400 8201 570] 19.48 


20 {140 |41.19].640]12.50).015|2 934.7] 348.9 8.44 | 2.91 |293.5|124 200 |391 280|1 307) 15.85 
II2 |32.81].550|12.00].015 | 2 342.1 | 239.3 8.45 | 2.70 |234.2| 98 500 |312 290|1 307] 16.01 


18 | 92 |27.12].480|11.50].016| 1 591.4] 182.6 7.66 | 2.59 |176.8| 76 100 |235 760|1 177] 14.41 


_ 


15 |140 |41.27|.800/11.75].020| I 592.7] 331.0 6.21 | 2.83 |212.4/134 200 |283 150] 980|*11.06 
104 |30.50].600|11.25].020] I 220.1] 213.0 6.32 | 2.64 }162.7] 94 300 |216 910] 980] 11.49 
73 |21.49|.430|10.50].020| 883.4] 123.2 6.41 | 2.39 |117.8] 59 200|157 O80} 980] 11.89 


al 


12] 70 |20.58].460|10.00].025}] 538.8] 114.7 5.12 | 2.36] 89.8] 57 200/119 730] 785/* 9.08 | 
55 |16.18].370] 9.75].025| 432.0! 81.1 5-17 12.24] 72.0] 42 300] 96 000] 785|* 9.31 


1O0| 44 |12.95].310] 9.00].030] 244.2] 57.3 4-34 | 2.10] 48.8] 29 800) 65 130] 654|* 7.60 


9| 38 |11.22].300} 8.50].033] 170.9] 44.1 3.90 | 1.98| 38.0} 26 700] 50 630] so0\* 6.72 


8 |-32.5] 9.54!.290] 8.00].037| 114.4] 32.9 3-46 | 1.86| 28.6] 23 600] 38 140] 522/* 5.85 


* Denotes that the distance given is less than the distance center to center of beams placed 
close together with flanges in contact. 
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TABLE 153 
PROPERTIES OF BETHLEHEM H CoLumNs 


3 i} 
eilele| g 
wa) ky Yu & 3 
o o q ae) o f 
ja) = = re] te 2 
2 ZS 3 
=» g = g Moment of Radius of Section 
= 4 4 Iuertia Gyration Modulus 
Bg <4 
a Axis Axis | Axis | Axis | Axis | Axis 
I=E 2-2 I-k 2-2 ret 2-2 
T B WwW M N G L lh Ie cat re Si Sez 
Lb. | In Lebel |, Aba, olf oa) In. In. In. In? In4 In.4 In. In. In? | In’ 
ig 14” H CoLumns 
83.5] 46 |13.92| -43| .620| .755 | 198 24.46] 884.9| 294.5 | 6.01 | 3.47 |128.7| 42.3 
91.0] ¢ |13.96| .47] .683| .817] 192 26.76| 976.8} 325.4] 6.04 | 3.49 |140.8| 46.6 
99.0]. T§ |14.00] .51| .745| .880] 1933 29.06|1 070.6] 356.9] 6.07 | 3.50 |153.0] 51.0 
106.5] ¢ |14.04] .55| .808] .g42| 1933 31.38|I 166.6] 387.8} 6.10 | 3.52 |165.2] 55.2 
114.5] ie |14.08] .59]| .870|1.005 | 2075 33-70 |1 264.5] 420.3] 6.13 | 3.53 1177.5] 59.7 
122.5] I {14.12} .63 | .933 |1.067 | 203% 36.04 |1 364.6] 453.4 6.16 | 3.55 |189.9| 64.2 
130.5] Ize |14.16] .67]| .995 |1.130| 204 38.38 |1 466.7} 486.9] 6.18 | 3.56 |202.3 | 68.8 
138.0] Ig |14.19] .70 |1.058 |1.192 | 208 40.59 |I 568.4] 519.7] 6.21 | 3.58 |214.5 | 73.3 
146.0} 19% |14.23] .74|1.120|1.255|203 | _ |42.95|1 674.71 554.4| 6.24 | 3.59 |227.1| 77.9 
154.0] If |14.27| .78 |1.183 |1.317| 203 145-33 |I 783-3) 589.5 | 6.27 | 3.61 |239.8| 82.6 
162.0] 17g |14.31| .82 |1.245 |1.380| 202 H 147-71 | 894.0} 626.1 | 6.30 | 3.62 |252.5| 87.5 
170:5| 13 |14.35| .86 |1.308|1.442 | 20% I 50.11 ]2 007.0} 662.3 | 6.33 | 3.64 |265.4] 92.3 
178.5] Ize |14.39| .90|1.370|1.505 | 21 g 52.51 /2 122.3] 699.0] 6.36 | 3.65 |278.3 | 97.2 
186.5] 13 |14.43| .94 |1.433 |1.567 | 214 $ (54.92 |2 239.8| 736.3 | 6.39 | 3.66 |291.4 |102.1 
195.0] Izg |14.47| .98 |1.495 |1.630| 212 | 8 [57-35|2 359-7] 774.2] 6.41 | 3.67 |304.5 |107.0 
203.5] 1% |14.51| 1.02 |1.5¢8 |1.692 | 212 q |59-78|2 481.9] 8126] 6.44 | 3.69 )317.7|112.0 
211.0] 176 |14.54| 1.05 |1.620|1.755| 2176] + |62.07|2 603.3] 849.8] 6.48 | 3.70 |330.6|116.9 
219.5] 12 |14.58] 1.09 |1.683 |1.817 | 217% 64.52 |2 730.2] 889.3] 6.51 | 3.71 |344.0|122.0 
227.5| Ire |14.62] 1.13 |1.745 |1.880| 2134 66.98 |2 859.6] 929.4. 6.53 | 3-73 1357-5 |127.1 
236.0] 1% |14.66] 1.17 |1.808 |1.942 | 2133 69.45|2 991.5] 970.0] 6.56 | 3 74 |371.01132.3 
244.5) Ite |14.70] 1.21 |1.870|2.005 | 2138 71.943 125.8|1 011.3 | 6.59 | 3.75 1384.7 |137.6 
2530|(2. | |\N40741 1.25 10.933 |2:007 | 2235 74.43 |3 262.7 |1 053.2 | 6.62 | 3.76 |398.5 |142.9 
261.5] 275 |14.78| 1.29 |1.995 |2.130 | 22755 76.93 |3 402.1 |I 095.6 | 6.65 | 3.77 |412.4 |148.3 
270.0] 2§ |14.82] 1.33 |2.058 |2.192 | 2275 79.44.|3 544.1|1 138.7] 6.68 | 3.79 1426.4 |153.7 
278.5] 235 |14.86] 1.37 |2.120|2.255 | 2275 81.97 |3 688.8 |1 182.4] 6.71 | 3.80 1440.5 |159.1 
287.5| 2% |14.90| 1.41 |2.183 |2.317 | 2275 84.50|3 836.1 /1 226.7| 6.74 | 3.81 |454.7 |164.7 
12’ H CoLUMNS 
64.5) $ 11.92] .39] .567| 683 | 162 19.00] 499.0] 168.6] 5.13 | 2.98 | 84.9] 28.3 
7Fie5| See |LE-OO|) -43)|n-030 0-745 16g | . 120.96 556.6] 188.2)| 5.15 4 3.00 | 93.71: 31.5 
78.0} # |12.00} .47| .692] .808]| 17 & 22-94] 615.6] 208.1] 5.18 | 3.01 |102.6| 34.7 
84.5) 4% |12.04| .5r] .755] .870| 17% 124.02) || 46764-2285) 5-25 143.03 | 111-5) | 37.9 
Q1.5| & |12.08] .55| .817| .933| 173 4 |26.92| 738.1] 249.2] 5.24 | 3.04 120.5] 41.3 
98.5] i 12.12] .59] .880| .995| 172 § |28.92] 801.7] 270.1] 5.27 | 3.06 |129.6| 44.6 
105.0] I |12.16] .63] .942|1.058| 17765 30.94] 866.8] 291.7] 5.30 | 3.07 |138.6| 48.0 
112.0] Iz |12.20} .67 |1.005 |1.120| 1776 | 2 |32.95] 933-4] 313-6] 5.33 | 3-08 |147.9| 51.4 
118.5] 1g |12.23| .70 |1.067 |1.183 | 1776 | “} |34-87|1 000.0] 335.0] 5.36 | 3.10 |156.9| 54.8 
125.5] Iqs |12.27| .74.|1.130|1.245 | 1732 36.91 |1 069.8} 357.7| 5.38 | 3.11 |166.2] 58.3 
132.5] I¢ |12.31| .78 |1.192 |1.308 | 1738 38.97 |I 141.3] 380.7] 5.41 | 3.13 |175.6| 61.9 
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TABLE 153.—Continued 
PROPERTIES OF BETHLEHEM H CoL_umns 


Moment of Radius of Section. 
Inertia Gyration Modulus 


Weight per Foot 


Nominal Flange Thickness 
Width of Flange 


Axis | Axis |\Axia | Axist 
LORD & 2-2 i—f 2-2 


cat Te Si 


eae In.3 


41.03 : ; 2 3.14 |185.0 
°143.10 ‘ : 5 : 194.6 
45.19 : : 50 |-3.16 1204.3 
47.28 ‘ ; ‘ é 214.0 


53-4 


59.4 
65.6 
71.8 
78.1 
84.5 
90-9 
97.4 


L is constant = 7.67” 


Note oe. cllc ole clo ole ole ollo.c) 
Co[~a > ]60 00] orb | =! 20/9 HS |e OO] 


Lis constant = 6.14” 


0.00 0 
Ro[H co|co NH Go] 
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TABLE 154. 
PROPERTIES OF BETHLEHEM CompouND COLUMNS. 


pele 
> 


14/’x 148 Lb. 
Special H 
Section. 


Reénforced 
with 
Cover Plates 


t<------0----- 


(ees 


% 


Total Section, Dimensions. Moment of Inertia, Radius of Gyra- Sesion Modu- 
tion, us, 


Cover Plates. . 
Axis Axis Axis Axis 
Width, | Thick- : A-A A-A, | B-B, B-B. 


Section. ness, ) 


I, Sp 


* In? ‘ . . In.4 i f b i In.8 


284.0 83.52 1 16 Barf lZ2u.9 : : 449.6 | 165.2 
290.8 | 85.52 : te | 3876.9 | 1364.6 ‘ : 462.9 | 170.6 
297.6 | 87.52 ; 4018.2 | 1407.3 : . 476.2 | 175.9 
304.4 | 89.52 is 4161.7 | 1449.9 : : 489.6 | 181.2 
SEP2t) O15 Te | 4307.2 | 1492.6 : : 503.0 | 186.6 
318.0 | 93.52 4454-9 | 1535.3 : : 516.5 | 191.9 
324.8 | 95.52 4604.8 | 1577.9 : 5 530.0 | 197.2 
BBu- Onn 97.52) 4756.8 | 1620.6 : : 543.6 | 202.6 
338.4 | 99.52 16 | 4911.0 1663.3 : é 557-3, | 207.9 
BAG 2a LOT.5 25 | 5067.5 | 1705.9 : E7 TON 20462 


5132.5 | 1901.6 ‘ 582.4 | 223.7 
5298.7 | 1952.8 : : 597.0 | 229.7 
5467.2 | 2003.9 ; : 611.7 | 235.8 
5638.1 | 2055.1 ; ; 626.5 | 241.8 
5811.5 | 2106.3 ; : 641.3 | 247.8 
6087.2 |) 2057.5 ; : 656.1 | 253.8 
6165.4 | 2208.7 f : 671.1 | 259.8 
6345.9 | 2259.8 ; : 686.0 | 265.9 
6529.0 | 2311.0 : 3 7OT.L ||| 271-9 
6714.5 | 2362.2 716.2 | 277.9 


350.3 | 103.02 
357-5 | 105.15 
364.7 | 107.27 
372.0 | 109.40 
B79 Zale LIS 
386.4 | 113.65 
393-6 | 115.77 
400.9 | 117.90 
408.1 | 120.02 
ATES ee sea 


HL Co)a| joo 
ee) 


H 
oF 


far 


NPY DY DY DYNHH HH 
Aa ae 
2 ) 


733-7 | 295-1 
749.8 | 301.8 
765.9 | 308.6 
Hewes’ |W ei isies 
798.3 | 322.1 
814.7 | 328.8 
831.1] 335.6 
847.6 | 342.3 
864.1 | 349.1 


6832.6 | 2655.6 
7029.0 | 2716.4 
22S aN 277 al 
7429.8 | 2837-9 
7634.2 | 2898.6. 
7841.3 | 2959.4 
8051.1 | 3020.1 
8263.6 | 3080.9 


8478.9 | 3141.6 


423.4.) 124.52 
431.0 | 126.77 
438.7 | 129.02 
446.3 | 131.27 
454.0 | 133.52 
461.6 | 135.77 
469.3 |- 138.02 
476.9 | 140.27 
484.6 | 142.52 


Colcohe| IEE 
aS le 


NIHR 


ODN ON 


aI 


+ colon} 
he 


oO 


ee SU NGS, 
NIDADHAHARRR fF 


RYH HHH HDHD HD 
m Of 


[CoH] 


Columns composed of a 14” & 148 lb. Special Column Section, reénforced with cover plates 
of width and thickness given in table. -The total thickness, P, may be made of two or more plates, 
each of punchable thickness. 
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TABLE 155. = 
ELEMENTS OF BETHLEHEM I-BEAMS AND GIRDER BEAMS. 


ELEMENTS OF BETHLEHEM I BEAMS. 


> hahaa wits 


a ase ae ae 
Ye) nh ase Dimensions, in Inches. Piel Oeaay Ieee Dimensions, in Inches. > 
a HY |%Ho d Zz oa we] §§o S| 3 
Sad | eA S| Sa4|s m 
So8 Bg y&| Sie | Bg cf 
APH PER | F lw] u|Ki/cla/sic igs/Ao“|se|rlw) | K/G/a|B/c igs 
35 7 25|)29 al 9 1 3 5 15 1 1 5 7 
390 |120.0 loz 2|2076|133/32 | 2 |Srelae | 1 15 |71.0/72 |$2 |11Z |1s |e | 44 |52 lie | 3 
15 |64.0|735| 29/1235)134| 314 [58 | 3] ¢ 
28 |105.0)10 13 247¢|133| 32/6 [5a | vel I TBH SS lee tel tale aa 5 7 
15 '54.0|7 |3$ |1276 132 32|4 |5ie|/4 | 8, 
: 13] 7 1 17 $4207. | oBalae™ 
1 15 1 (35 4 24 5 Ege 40.0 231° ee T15/32, 34 Sis reer a 
26 90.0) 92 32/23 |Ile (32 | 52 |Sielie | 1 15 |41.0 32/32, aze Iie iP 34 S18|4 3/2 
15 |38.0|634| 22/12% jIve/3e |32 |5r6| 16] & 
15 1 By ek etal Boe 9 7 1 9 | 41 [ee ee oe 
24 84.0] 93 |33 [21 {12 a| 54 |St6| te) @| 12 |36.0 \68$ir5 Lee Iz6| 16| 32 |Siel\ie. | 4 
1 33 aE Gl hi hb 1 1 5 We 5 ng 3 
Oh 83.0] 93 aso! ers 133 16) 54 52 16 | 8, 12 |32.0 6x6 cz: 1076 $3 15, 32 516 , oe 
24 | 73-01 9 |éf |2Ixe|132] tel54 [53 | 4| S| 12 [28.568 |¢ |1Ox6] 33] rel 32 |5¢ |ze | 4 
s7| 37\y—1 |,7|3 9/3 |27 1|-3 1| 3 
20 | 82.0 Bea], 8 178 |tnelé 415 [Sasjs 8, | 1° 28.5 5ea| 6 85 Te | {32 (58 | 5 4! af 
20 | 72.0] 8 Ize |I75 |Ixe| 2/5 |Sie| 4, &] 10 123-5 |53al¢ | 83 | 8] 3/34 |5a |ze | 4 
9 33)|'e ot a 5 1 1 5 7 
20 69.0] 8&| S2/172 |1z [8 | 42 |52 Ite | 9 |24.0|55%| 23} 72 |3 |8 3 1} 3 
20 64.0] 8/22 |174 [14 Sl yi let) 5) 4 4.0 |\Sie| 6a} 72 ja [8 |3 [58 4| 4 
rae ae led le ladlee a te | 9 (200lSaeld | 72] 2] a]3 [se jae [2 
20 59.0] 8 s\l7z2 |I¢ |s |43|5s la |s 2e¢ i hes ? 
43/1 1 9 a 1 5 7 
aac sen 7o4)2 13 154 Ts | 18/44 53, Peak 21| 21 11 | 5 3 3 
18 54.0 732 3 2 154 Ts 16, 44 516/4 see 8 |19.5 564 84 63 r6 16 24 516 4 a4 
18 52.0 716 Bie 154 me 3s 44 58 ete 8 417.5 [52 |z 63 | i¢| xe| 22 (5a lte | 4 
_ 18 | 48.5! 73 oa'I5a 'Is Ite |44 Stele | 
ELEMENTS OF BETHLEHEM 
Eth cae alt Se ate 21 30 4 W +k? 
iro) ay 23 Dimensions, in Inches Sk 6 cas 23 Dimensions, in Inches 3 g 
8 & lo w wl 2 8 e mo o et 
239 [o=3 Ms) Bes [ems as 
om Ss bt ll ons hy fy 
A"sFe | wplwi i|xKi¢lalsple alam Fd lrlw] tix AlBhc laa 
S Sa 
30 |200.0]15 $/25335/233/14 |xx [52 | ael x 1) 31 Beslew 
a bal PS ee 1|_7 18 20/113] et142 |x | 33172 |52 | vel I 
30 |180.0/13 lie |25i6|232|Is2| 9 |Sisjze | 1 9 eaiT4a [Ts | $3) 73 [53 | 16). 
aGilie oN ary lhe es 7 3 
a 180.0 1452 av® 238 216 132 10% 516 46 I 15 {140.0 ats $4 [10% 276 Igy 7% \Stejre | I 
2 165.0|123 |$2 |238 |2r5|Ize| 82/533/3 I 15 |104.0 ie z 1% 17$ 38 74 53 8 I 
tees 15 | 73-0|L0a|y |127s/1sa\r6 | 63 |Saejz | 1 
1 3i.4 5 3 
- 160.01333] 8/215 |2u6/Tre) 93/58 |. #| 1 | 12 | 70.0]10 | 43] 9 [13 | 4/6 |Sye| xe| 1 
26 |isoolt2 (§ jarg assitt | 8 [se (8 | 1] x2 | ss.ol off | of [xt (88 (6 [se | x 
24 |140.0/13 | 33/20 |2 | 32/9 [58 | _ 8) 1 
8 5 3 1 il a. LN gers SR fer 
Io < Té zg 
24 |120.0/12 [3% |20% |1% | 28! 8 |sd [5 | x 44.0| 9 | a6] 74 [Ts | 32/52 |Si6] iels 
20 |140.0]125 | $z)15tk|2S|12 | 8al5$ | 3) 1 
8 2\98 8 8 1/19 ~ {yt jis 1|-6|3. |7 
35. 3 7 .o} 84/42 6 I x 
20 |412.0/12 [8 [168 (123/7 8 lee i8 | 1 3 64 g |Ilze|32 | 5a |Sislie |3 
19 
8 | 32.518 18216 |r Ire 15 [Safelite 18 
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s TABLE 156. 
STANDARD CONNECTION ANGLES FOR BETHLEHEM J-BEAMS. 


. BEAM | CONNECTIONS 


Ea 


; Sin ‘ 
LEA ang Py" DAKAR SOR ZiaaB LB" pasalnang x '53" 


Weight46 lb- 7 Weight ¢ 4! [b:) Werght ZX 1a. Weight 321b- 
20" Tn se La oT ‘ao” ; y r 10,9 8" ae 
i a . 
{ Qe ae 
LELSAKBSI SY CLO WEIR SOR PEGA O'S" 
Weight 2B Lb. Woight 28 lb = OS 4, Ibe. ne Seat is Tbe i Wes ght le lb. 
Spacing same in both I legs of angles unless otherwise showa-_All holes #2 Diam for 3 Diam- Rivets or Bolts. 


Minimum Spans on which the Above Connection Angles may be Used for Greatest Safe Uniformly Distributed Loads. 


Least Span, in Feet, for Various Conditions. 


Rivets ; Shearing 10,000 Lbs., Bearing 20,000 Lbs. per Square In. 


Depth of Weight per Field Connection, 
Beam, Inches. | Foot, Lbs. 


Con- When Two Beams Frame Opposite Each Other to a Rave Sheae 
nection} Field | Beam or Girder with a Web Thickness as Follows: 8,000 Lbs. per 


Con- Square Inch, 
nection. 


5" 4°" te’ y’ rae 


120.0 4 : pws || pansy || piste || aie : 49.7 26.3 
105.0 : .2 | 20.1 | 22.7 | 26.9 : 2 | 45.3 24.0 
go.0 : : TS |e 2O.4 2g.3 ; : 40.7 21.6 
84.0 : f E729 820-2 1 23.0e ll 26:9 ‘ 40.3 21.4 
73.0 : ; Toe 1737 «| 20:20) 23.0 : 35-4. 18.8 
72.0 ‘ ‘ E5<Ap | 1724. || TO) ||" 2382 : 34.8 18.4 
59.0 ‘ 11.8 1253 13.0) ets Oi Toes : 27.8 14.7 
48.5 : LOW elIe2 | 12.60 eided) || (16:8 : 25.2 13.4 
71.0 : TOO ne TOs Hels.Oie2t.0; | 2c88 : Nie) 20.0 
54.0 ] TO Gy | Twas ONS erie is all aioe ; 28.9 15.3 
38.0 : 8.9 Ore erg. p21 2.0 ee 14.0 : 21.0 tied 


36.0 : 9.0 OhEy || Mere) |) sex |) wie : 2123 11.3 
28.5 k Thee? 7.6 8.5 9.8 | I1.4 : 7st g.1 
2365 : 7.4 7.8 S7 A 10.0) Wert: : 17.5 933 
20.0 . ne, 6.0 6.7 ylyi g.0 : 13.5 ies 
17.5 : 4.3 4.5 Ber 5.8 6.8 S. 2a 10.2 5-4 


The greatest value given of the least span for any of the governing conditions is the minimum 
span for which the connection may be used. 
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TAB EE eS iSiee 
STANDARD CONNECTION ANGLES FOR BETHLEHEM GIRDER BEAMS. 


BEAM CONNECTIONS 
“pLpt 
#4 


" 
‘ K —= ee 
LE 662% 240" Lis 66% gk /-9! KEK seg L166 ig IB" 


Weight 77 /b- | Weight 67 lb. Weight 57 Jo." | Weight 48 Ib- 
Z wee WEie"G BEO'G 


4 tey$\ ol" 
LEM LE" 


Ss a ae 
SD) ee ei 
Se ————— XY 
LEO REKSOR” — BORO EKOYO™ =— LE OKO EXOT 21 B'O'KEK OS" 
Weight 41 lb- Weight 32 lb. Weight 2515, ,_Meigit [7 Ibe, 
Spacing seme in both legs of angles unless otherwise. shown. All holes 46 Diam For 3 Dism- Rivets or Bolts 


Minimum Spans on which the Above Connection Angles May be Used for Greatest Safe Uniformly Distributed Loads. 


Least Span, in Feet, for Various Conditions, 


Rivet ; Shearing 10,000 Lbs., Bearing 20,000 Lbs. per Sq. In, 

Depth of Beam,| Weight per Field Connection, 

pechse: Foot dbs: Con- When Two Beams Frame Opposite Each Other toa Rivet Shear 

nection nee Beam or Girder with a Web Thickness as Follows: eal Cie. per 
on- 


: Square Inch, 
nection. 


te" 7 past Ne 


46.3 30.7 

41.4 27-5 
28.4 ‘ 45.4 : 30.1 
25.6 3 41.0 27.2 
237 37.8 se 
21.7 34.7 23.0 
22.6 36.2 24.0 
19.4 i 31.1 20.6 


232 | 2005 37.1 ; 24.6 
EO apie 2 bed 29.6 19.6 


92.0 : : 14.0 | 16.0 22:3 14.8 


140.0 3 | 18.3 2 | 21.6 | 24.7 34.5 22.9 
104.0 , 14.0 ; 16.5 | 18.9 é 26.4 i 17.5 
73.0 : 10.2 : 12.0 || 13.7 : 19.1 12.7 


70.0 F 10.8 ; 12.8 | 14:6 20.4 13.5 
55.0 ‘ 8.7 5 MO || Ti8457/ 16.4 10.9 


44.0 : 5.9 >. 6.9 Woe Whe Owe Mh Lite 7.4 
38.0 7.6 ‘ HON || AKO Moye} Gorin 9.5 


32.5 : 5.8 : 6.8 Wa, OOn P1018 P1466 vise 


The greatest value given of the least span for any of the governing conditions is the minimum 
span for which the connection may be used. 


264 


BgTHLEHEM GIRDER BEAMs. 


ie 


HH iS" 


Bie .s! 


eae 


wKT-— 


TABLE 158. 
Cast IRON SEPARATORS FOR BETHLEHEM GIRDER BEAMS AND I-BEAms. 


>See 


Separatorsfor /8 "lo 30"beamsare Z metal. 
Separators for 8" tol5 beams are 7 metal. 


eI 
eI 
eI 


i} 
eo oes 


A 
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Separators For 18"to 30"beamsare 2 metal. 


Separators for 8 “to IS" beams are 
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> metal, 


Distances. 


Weights. 


Distances. 


Weights. 
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Weight per Foot. 
C. to C. of Beams. 
For Width S. 
For Each 1” 
Increase in S. 


| For Width S. 
For Each 1” 
Increase in S 
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Weight per Foot. 


C. to C. of Beams. 


Separators. 


Width S. 


For Width S. 
For Each 1” 
Increase in S. 


- | For Width S. 
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For Each 1” 
Increase in S, 
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tors with Three Bolts. 
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Separators for 18 to 30 inch beams are 3 inch metal. 
Separators for 8 to 15 inch beams are 3 inch metal. 


All bolts ? inch diameter. 
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TABLE 159. : 
Sarg Loaps, IN TONS, AND DEFLECTIONS, IN INCHES, BETHLEHEM I-BEAMS. 


Depth. |Weight. Length of Span in Feet. 

In. Lb. So [LON T2 FA 26s 20, 1 22> (24s 26.) 28/520 Bis ohne sain GOm ues Gun Omnlmeae 
120 shee ee eS 103 | 93 |.85| 78| 72| 67) 62] 58| 55! 52] 49| 47| 44 

30 pipe eee Bae pee |eaes| AA | 639) 630) | 2-313 01a 28e.20)|e25 | a oauheee cao a 2OletO) 
Defs |e pees eal es £8.|.22'| .27)|\ .32|--37|-431|-.50\| 257) OF tae OO OO HERO 

85| 76] 70| 64] 59] 55] sx} 48] 45} 42| go] 38] 36 

28 40 10.37 | 33-3228 -20| 324 | 2231954201) so) melon © 
19| .24 | .29| -34| -40| -40| .53| 61] .68| .77| .85| .05|r.04 

68) 61| 56] 51| 47] 44| ar] 38] 36) 34) 32] 311 29 

26 * 38 | .34 | .31| .28|_.26| .24] .23| .21] .20] .19| .18| -17| -16 
Defies Bibel ~----|_-2T | 25 | .30|_.37|_-43) -50| .57| .05| .74| 83) .92|1.02 |T.12 
Saris taal 88/76) 66] 59); 53) 48] 44| 41] 38] 35] 33] 31| 29] 28] 26) 
oA Bae 77| 66) 58] 52) 46] 42] 39| 36) 33] 31| 29] 27) 26| 24| 23). oe 


Def. |.13 |.21 |.30 |.41 | «53 67 | .83 |r.00'r.19 


The figures give the safe uniform load, in tons of 2000 lb., based on an extreme fiber stress of 
16000 Ib. per sq. in., or end reactions for safe uniform load in thousands of lb. 


Figures for deflection in inches. 


For loads concentrated at center, use one-half of figures given for allowable load, and four- 


fifths of deflections. 


For figures to right of heavy lines, deflections are excessive for plastered ceilings. 


Figures given apply only when beams are secured against lateral deformation. 


* Increase of safe load in tons for each pound increase in weight of I-Beam. 
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Depth. |Weight. 


TABLE 160. 


SAFE Loans, In Tons, AND DEFLECTIONS IN INCHES, BETHLEHEM GIRDER BEAMS, 


Length of Span in Feet. 


In. Lb. To | 12 /|14]16| 18 | 20 | 22 2420) 28 | ~30 || 32°) 34 | 36°)- 38 40 | 42 | 44 
200 = ese ee 181 | 163 | 148 | 136] 125 | 116] 108] 102| 96] 90] 86] 81 
30 20 ee eee | ee 162 | 146] 132] 121] 112) 104] 97] 91| 86] 81] 77] 73 be be 
so | |---|] 44 |_-39|_-36] 33] 30] .28] 26] .25} .23] 22] .21] .20] .19] .18 
a eS ee Tol 22) \wap7ill 632 : 
jitete caveat a DY 154 | 138] 126] 115 
28 mes oe aeen ee, ee 139 | 125 | 114 | 104 
(Sd Se ree ee 
—__| Defe | |---| |---| 19 | 24| 20 | 34 
TGOny |e ee: 128] 115|105| 96 
TALS Se ce ee ee | I17| 106] 96] 88 
a Ff] || 238] _-34 | 30] 28 
Day ea SS ZA eee ieee 
L40n ee 156/133|I17/104 | 93] 85] 78 
E20) \\eee 134/II5|100| 89] 80] 73] 67 
24 ie 
---—-| -52| 45] -39] -35 | +31] .29| .26 
Depeas 10} .14| 18) .22| .28 | .33|_.40 
TAG plea 130/112] 98] 87| 78| 71| 65 
43 D2 ie ee 104] 89] 78} 69] 62] 57] 52 
* 
-----| -44 -37| -33| .29 |_:26] .24| .22 
Def. |...--| -42| -£6| -21| .27 | =33| .4o| -48 
92° |. 79| 67) 59) 52) 47| 43] 39 
18 Bo -a|e3.9| 34 :29| .26|_-24| .21| .20 
Def. |.—- 13| .18| .24) 30 |_.37| 44 |, -53 
140 /113| 94] 81} 71| 63| 57| 51] 47 
104 | 87] 72| 62] 54] 48} 43| 39] 36 
15 | 73. | 63| 52] 45] 39] 35| 31] 29] 26 
* | 39] .33| -28] 25] .22 | -20] .18| .16 
Def. | 11| 16] 22] .28 36 | 44) 53 | 64 
70 | 48] 40) 34] 30] 27| 24] 22] 20 
= BS 3S! 32) 27) 24-21] 19] 17] 16 
* | 31/26) .g2) .20] .18 | .16] .14] .13 
Def. | -14| .20| .27| .35| 45 |_-55|_.67| .791 93 
Ade 222 Fo! T6lers) 13) Mr211 
eee 2122) 19) TOF!) 083 | 212 | 8 
Def. | .17| 24) .32| -42| .54 | -66| 80] .05 
390) 20507) TA 3) ET | =10)|, 9 8 
9 * | .23] 20] .17| .15] .13 | -12| .11| -10 
Def. | .18 -27| -30| -47| 00 | .74| 89 |1.06 
COhey =| Gull Sell Sp ae) PEIN oi ey Al a: 
8 * | .21| .17| -15] .13] 12 | -10| .o9| .08 
Def. | .2r| .30| .41| .53| .67 | .83 |z.00 |r.10 


The figures give the safe uniform load in tons, of 2000 lb., based on extreme fiber stress of 
16000 lb. per sq. in., or end reactions for safe uniform load in thousands of pounds. 
Figures for deflections are given in inches. 
For load concentrated at center, use one-half of figures given for allowable load and four- 


fifths values given for deflection. : 
For figures at right of heavy zigzag lines deflections are considered excessive for plastered 


ceilings. 


Figures given apply only when beams are secured against lateral deformation. 


* Increase of safe load in tons for each pound increase in weight of Girder Beams. 
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TABLE 161 
DecIMAL Parts oF A Foot AND INCH 


DECIMAL PARTS OF A FOOT 


Oot aa tae 

dns Ok eel gu ete vey Ue irae $4 CHG PE eh OUR TO teins 
° 0833 .1667 .2500 .3333 .4167 .5000 .5833 .6667 .7500 .8333 .9167 

3z | 0026 .0859 .1693 .2526 .3359 -4193 -5026 .5859 .6693 «7526 .8369 .9193] gz | -0313 
ds |.0052 .0885 .1719 .2552 .3385 .4219 .5052 .5885 .6719 .7552 .8385 .9219| Te 0625 
az |-0078 .OOIT .1745 .2578 .3411 .4245 5078 .5911 .6745 .7578 .8411 .9245| az | -0938 
$ | -OL04 .0938 .1771 .2604 .3438 .4271 .5104 .5938 6771 .7604 .8438 .9271 5 125 
3x |.0130 .0964 .1797 .2630 .3464 .4297 .5130 .5964 .6797 .7630 .8464 .9297)| az 1563 | 
Zs | .0156 .0990 .1823  .2656 .3490 .4323 .5156 .5990 .6823 .7656 .8490 .9323| is 1875 
gq |.0182 .1016 .1849 .2682 .3516 .4349 .5182 .6016 .6849 .7682 .8516 .9349) az .2188 
4 | .0208 .1042 .1875 .2708 .3542 .4375 .5208 .6042 .6875 .7708 .8542 .9375| 2 Ys 
gz | 0234 .1068 .1901 .2734 .3568 .4401 .5234 .6068 .6901 .7734 .8568 .g401| gz 2813 
Zs | .0260 .1094 .1927 .2760 .3594 .4427 .5260 .6094 .6927 .7760 .8594 .9427| v6 3125 
as |.0286 .1120 .1953 .2786 .3620 .4453 .5286 .6120 .6953 .7786 .8620 .9453] 35 3438 
& |.0313 .1146 .1979 .2813 .3646 .4479 .5313 6146 .6979 .7813 .8646 .9479| & | -375 
32 | 0339 -I172 .2005 .2839 .3672 .4505 .5339 .6172 .7005  .7839 .8672 .9505| 32 -4063 
Te |-0365 «1198 .2031 .2865 .3698 .4531 5365 .6198 .7031 .7865 .8698 .9531| re. | +4375 
32 |.0391 .1224 .2057 .2891 .3724 .4557 .5391 .6224 .7057 .7891 .8724 .9557| 33 | -4688 
2 |.0417 .1250 .2083 .2917 .3750 .4583 5417 .6250 .7083 .7917 .8750 .9583| 2 5 
$2 | 0443 .1276 .2109 .2943 .3776 .4609 .5443 -6276 .7109 .7943 .8776 .9609| 32 | -5313 
16 | 0469 .1302 .2135 .2969 .3802 .4635 .5469 .6302 .7135 «7969 .8802 .9635| ze | -5625 
Be | 0495 .1328 .2161 .2995 .3828 .4661 .5495 .6328 .7161 .7995 8828 9661| 33 5938 
$ | .0521 .1354 .2188 .3021 .3854 .4688 .5521 .6354 .7188 .8021 .8854 .9688) F 625 
32 |.0547 .1380 .2214 .3047 .3880 .4714 .5547 .6380 .7214 .8047 .8880 .9714| 3% | .6563 
4 | .0573 .1406 .2240 .3073 .3906 .4740 .5573 .6406 .7240 .8073 .8906 .9740| 33 | .6875 
32 | 0599 .1432 .2266 .3099 .3932 .4766 5599 .6432 .7266 .8099 .8932 .9766| 33 | +7188 
Z | -0625 .1458 .2292 3125 .3958 .4792 .5625 .6458 .7292 .8125 .8958 .9792] 75 
$5 | 0651 .1484 .2318 .3151 .3984 .4818 .5651 .6484 7318 .8151 -8984 .9818| #5 7813 
16 |-0677 .1510 .2344 .3177 .4010 .4844 .5677 .6510 .7344 .8177 .9010 .9844] 16 8125 
32 | -0703 .1536 .2370 3203 .4036 .4870 .5703 .6536 .7370 .8203 .9036 .9870| 3% | .8438 
B | -0729 .1563 .2396 .3229 .4063 .4896 .5729 .6563 .7396 8229 .9063 .9896| § | «875 
$2 | -0755 -1589 .2422 .3255 .4089 .4922 .5755 .6589 .7422 8255 .9089 .9922| 32 | .9063 
Te | .0781 .1615 .2448 .3281 .4115 .4948 .5781 .6615 .7448 .8281 .o115 .9948| 4% 9375 
32 | 0807 .1641 .2474 .3307 .4141 .4974 .5807 .6641 .7474 .8307 .9141 .9974| 33 | .9688 
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TABLE 162 
TABLE OF BEVELS 


AMERICAN BRIDGE COMPANY STANDARDS 


a 2 3 4 5 6 id 8 9 10 II 
zg Angle V\Angle VjAngle V|Angle V Angle V|Angle V|Angle V|Angle V|Angle V/Angle V|Angle V|Angle V 
A | wi | ob] gg | we] | bb vo] | ob wo | ¢] |] sg] oo] g | mo] sg | | os 
Palelalsalslalslaislalsials/a/s/aislalslals als 
O | 0/00] 4 |46} 9| 28) 14 | 02] 18 | 26] 22 | 37 | 26] 34 | 30] 15 | 33 | 41136) 52139) 48 | 42131 
3z | 0/09] 4/55] 9/36/14] 11] 18] 34 | 22 | 45 | 26 | 41 | 30| 22 | 33 | 48 | 36 | 58 | 39 | 54 | 42 | 35 
te | 0}18| 5 jog} 9/45/14] 19} 18 | 42 | 22 | 52 | 26 | 48 | 30 | 29 | 33 | 54. | 37 | 04 | 39 | 59 | 42 | 40 
az | 0 |27| 5 |12| 9} 54|14|27| 18] 50] 23 | 00] 26] 55 | 30] 35 | 34 | 00] 37 | 09 | 40 | 04 | 42 | 45 
# | 0|36| 5 |21|10!03 | 14/36/18 | 58] 23 | 08] 27] 02] 30] 42 | 34 106] 37:15 | 40! 09] 42 | 50 
3z | 0145] 5 |30] 10] 11] 14| 44| 19 | 06 | 23 | 15 | 27| 10130] 49 | 34 | 12 | 37 | 21 | 40] 15 | 42/55 
te | © /54| 5 [39] 10] 20) 14/53 | 19] 14} 23 |23]27|17| 30] 55 | 34 | 18 | 37 | 26 | 40 | 20 | 43 | 00 
az | I |03] 5 |48| 10] 29] 15 | or | 19 | 22 | 23 | 30| 27 | 24. | 31 | 02 | 34 | 24 | 37 | 32 | 40| 25-| 43 | 04 
2 | 1/12] 5 |57/10|37| 15 }09| 19 | 30] 23 | 38 | 27 | 31 | 31 | 08 | 34 | 31 | 37 | 38 | 40 | 30] 43 | 09 
3z | I | 21) 6 |06) 10) 46] 15 | 18 | 19 | 38| 23 | 45 | 27 | 38) 31| 15 | 34. | 37137 | 43 | 40) 35 143 | 14 
Te | I |30] 6 | 15] 10) 54] 15 | 26) 19 | 46 | 23 | 53 | 27] 45 | 32 | 21 | 34] 43 137 | 49| 40] 41 | 43 | 19 
32 | 1138] 6 | 23/11/03) 15] 34] 19 | 54] 24 | 00] 27] 52] 31 | 28 | 34 | 49/37 | 54 | 40 | 46 | 43 | 23 
& | 1 147] 6 132) 11] 12) 15 | 43 | 20] 02 | 24] 08 | 27] 59131 | 34134155 | 38 | 00] 40] 51 | 43 | 28 
aa 56) © \4r||It 20) 155i) 20)| 10124 15 2806131) 41 135 | 01 | 38 | 05 | 40 | 561) 43-133 
te | 2105] 6|50} 11) 29] 15 | 59| 20] 18 }-24 | 23 | 28 | 13 | 31 | 47135 | 07138] 11] 41 | o1 | 43 | 38 
ao. | 2 6 | 59] 11 | 38] 16] 07 | 20 | 26 | 24 | 30| 28 | 20] 31 | 54] 35 | 13 | 38] 17] 42 | 06 | 43 | 42 
cae te 7 |08| 11 | 46 | 16| 16 | 20 | 33 | 24 |37| 28 | 27] 32] 00/35 ]19|38| 22] 41] 11 | 43 | 47 
ayr4| 2 7 \16/11|55|16]24| 20] 41 | 24] 45 | 28 | 34} 32]07/35 | 25 | 38] 28] 41 | 16 | 43 | 52 
syy | 2 7 |25 | 12] 03 | 16|32| 20] 49] 24 | 52 | 28 | 40/32] 13 | 35 | 31 | 38/33 | 41 | 21 | 43 | 56 
wy | 2 7 |34)12|12|16|40 | 20] 57] 25 | 00 | 28 | 47 | 32 | 20] 35 | 37] 38] 39] 41 | 26 | 44 | o1 
g | 2 7 |43 | 12] 20] 16} 49] 21] 05 | 25 | 07) 28) 54/32) 25/35 | 42/38 | 44 | 41 | 31 | 44 | 05 
an) 3 7152/12/29] 16|57]| 21 | 12] 25 | 14] 29] of | 32 | 32 | 35 | 48 | 38 | 49 | 41 | 36 | 44 | 10 
4$) 3 8 | 00] 12 | 37] 17] 05 | 21 | 20] 25 | 22 | 29 | 08 | 32 | 39 | 35 | 54 | 38] 55 | 41 | 41 | 44 | 15 
32 | 3 8 | 09 41 

eS 8 | 18 41 

ae | 8 8 | 27 41 

re | 3 8 

az | 4 8 

3 | 4 8 

33 | 4 9 

te | 4 9 

32 | 4 9 
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TABLE 163 
ORDINATES FOR 16’-0’’ CHORDS 
AMERICAN BRIDGE COMPANY STANDARDS 


On all drawings for 
curved work where radius 
exceeds facilities of Temp- 
let Shop Floor, make a j i H ; 


<2o%ri<2oislegiottle a/o's 
He 2'0!n< 2/0 


sketch as shown giving 
ordinates from table. 


c Ordinates for 16’—0” ‘ Ordinates for 16’—0’” . Ordinates for 16’-0”" 
Radits Templet in Inches R Templet in Inches R Templet in Inches 


Ft. In. 


ian 
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16’— 6” 18% 
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TABLE 164 


NaTuRAL TANGENTS 


jen 
in} 
~ 


Tet” he20 


De- 
grees 

De- 
grees 


.0044 | .0058 | . ‘ c : r ; : .O175 
.0218 | .0233 |. é 4 : d d ‘ -0349 
.0393 | .0407 | - : : : é 4 : 0524 
0568 | .0582 | . j 3 : ; : A .0699 
.0743 | 0758 | . : : 5 : : 4 .0875 


0919 | .0934 |. 3 : : . : : 1051 
-1095 | -I1IO]. ; : : : : : 1228 


-1272 | .1287 | .1302 |. ; : é : : -1405 
S045) |» Ts O8s|0- A ; 3 é : 5 1584 
1629 | .1644 | . A : ; ; : : 1763 


conan [Aum Ne 
coven [Auwns 


-1808 | .1823 | . : 7 ; ‘ ; : -1944 
-1989 | .2004 | . : C : é ; : 2126 
SFA LACIE ke : : : : ‘ ; 2309 
2355 | -2370 | . 7 : ; : ; : 2493 
-2540 | -2555 | : : : é : ; .2679 


2726 | .2742 | . i : é ‘ 5 : .2867 
2915 | .2931 |. : : : : é : 3057 
3105 | 3121]. ¢ : : : ; ‘ 3249 
3298 | .3314 |. : : 5 ; : ; 3443 
3492 | .3508 | . : : ° , : ; 3640 


.3689 | .3706 | . . : : : : : -3839 
3889 | .3906 | . A : : A : : -4040 
-4091 | .4108 |. : 5 : : 5 : 4245 
4296 | .4314 |. : ‘ : ; ; ; 4452 
4505 | -4522].4540]. : 3 : : : 4663 


-4716 | .4734 | - - : 3 ; ; A 4877 
4931 |.4950]. : : 5 : : c -5095 
5150] .5169 |. : : 4 : : : Bh, 
AEC? |N6 : : 5467 |. : : 5543 
5600 | .5619 | . ; : : : ; : 5774 


5832] S851]. é . ; : A : .6009 
.6068 | .6088 | . : : : 6 ‘ : 6249 
6310 | .6330 | « ; a : ; é ‘ 6494. 
.6556 | 6577]. : : : é : , 6745 
6809 | .6830 | - : -6894 | . . ‘ : -7002 


-7067 | .7089 | . é : : : : ‘ 7265 
GEO | SHES he ‘ : . : : é 7536 
-7604 | .7627 | . : : : : : E -7813 
-7883 | “7907 | . : ; - 8026 | . é .8098 
8170 | 8195 | - g : : : : 5 8391 


8466 | 8491 | . 4 ; E : : é 8693 
.8770 | .8796 | . : : . ; : : .9004. 
-9083 | .QIIO}. d : “ é é : -9325 
-9407 | .9435 | . é ; ; ‘ é : 9657 
.9742 | .9770 | . : : : : 3 : 1.0000 


/ 60’ 


T5 
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TABLE 165. 


SQuaRESs, CuBES, SQUARE Roots AND CuBE Roots OF NUMBERS FROM I TO 99. 


Square. 


Cube. 


Sq. Root. 


Cu. Root. 


272 


Square. 


2500 
2601 
2704 
2809 
2916 
3025 
3136 
3249 
3364. 
3481 


3600 
3721 
3844 
3969 
4096 
4225 
4356 
4489 
4624 
4761 


4900 
5041 
5184 
5329 
5476 
5625 
5776 
5929 
6084 
6241 


6400 
6561 
6724 
6889 
7056 
7225 
7396 
7569 
7744 
7921 


8100 
8281 
8464 
8649 
8836 
9025 
9216 
9409 
9604 
9801 


Cube. 


125000 
132651 
140608 
148877 
157464 
166375 
175616 
185193 
195112 
205379 


216000 
226981 
238328 
250047 
262144 
274625 
287496 
300763 
314432 
328509 


3.43000 
357911 
373248 
389017 
405224 
421875 
438976 
456533 
474552 
493039 


512000 
531441 
551368 
571787 
592704 
614125 
636056 
658503 
681472 
704969 


729000 
753571 
778688 
804357 
830584 
857375 
884736 
912673 
941192 
970299 


Sq. Root. 


7.0711 
7-1414 
Goan’ 
7.2801 
7-3485 
7.4162 
7-4833 
7-5498 
7.6158 
7.6811 


7-7460 
7.8102 
7-8740 
7-9373 
8.0000 
8.0623 
8.1240 
8.1854 
8.2462 
8.3066 


8.3666 
8.4261 
8.4853 
8.5440 
8.6023 
8.6603 
8.7178 
8 7750 
8.8318 
8.8882 


8.9443 
9.0000 
9-:0554 
g. 1104 
9.1652 
9.2195 
9.2736 
93274 
9.3808 
9-43.40 


9.4868 
9.5394 
9.5917 
9.6437 
9.6954 
9.7468 
9.7980 
9.8489 
9.8995 
9-9499 


Cu. Root. 


3.6840 
3-7084 
3-7325 
3-7563 
3-7798 
3.8030 
3.8259 
3.8485 
3.8709 
3.8930 


3-9149 
3.9365 
3-9579 
3-9791 
4.0000 
4.0207 
4.0412 
4.0615 
4.0817 
4.1016 


4.1213 
4.1408 
4.1602 
4.1793 
4.1983 
4.2172 
4.2358 
4-25.43 
4.2727 
4.2908 


4.3089 
4.3267 
4.3445 
4.3621 
4.3795 
4.3968 
4.4140 
4.4310 
4.4480 
4.4647 


4.4814 
4.4979 
4.5144 
4.5307 
4.5468 
4.5629 
4.5789 
45947 - 
4.6104 
4.6261 


TABLE 165.—Continued. % 


Squares, CuBES, SQUARE Roots AND CuBE Roots or NUMBERS FROM 100 TO“I9g9. 


Square. Cube. Sq. Root. | Cu. Root. No. Square. Cube. Sq. Root. | Cu. Root. 


10000 =| 1000000 | 10.0000 | 4.6416 150 22500 | 3375000 | 12.2474 | 5.3133 
10201 1030301 | 10.0499 | 4.6570 I51 22801 3442951 | 12.2882 | 5.3251 
10404 | 1061208 | 10.0995 | 4.6723 152 23104. | 3511808 | 12.3288 | 5.3368 
10609 1092727 | 10.1489 | 4.6875 153 23409 | 3581577 | 12.3693 | 5.3485 
1o816 | 1124864 | 10.1980 | 4.7027 154 23716 | 3652264 | 12.4097 | 5.3601 
11025 | 1157625 | 10.2470 | 4.7177 155 24025 | 3723875 | 12.4499 | 5.3717 
11236 | 1191016 | 10.2956 | 4.7326 156 24336 | 3796416 | 12.4900 | 5.3832 
11449 | 1225043 | 10.3441 | 4.7475 157 24649. | 3869893 | 12.5300 | 5.3947 
11664 E25Q97124] 10.3923 .|' 4.7622 158 24964 | 3944312 | 12.5698 | 5.4061 
11881 1295029 | 10.4403 | 4.7769 159 25281 | 4019679 | 12.6095 | 5.4175 


12100 1331000 | 10.4881 | 4.7914 160 25600 | 4096000 | 12.6491 | 5.4288 
12321 1367631 | 10.5357 | 4.8059 161 25921 | 4173281 | 12.6886 | 5.4401 
12544 1404928 | 10.5830 | 4.8203 162 26244 | 4251528 | 12.7279 | 5.4514 
12769 | 1442897 | 10.6301 | 4.8346 163 26569 | 4330747 | 12.7671 | 5.4626 
12996 1481544 | 10.6771 | 4.8488 164 26896 | 4410944 | 12.8062 | 5.4737 
13225 1520875 | 10.7238 | 4.8629 165 27225 | 4492125 | 12.8452 | 5.4848 
13456 | 1560896 | 10.7703 | 4.8770 166 27556 | 4574296 | 12.8841 | 5.4959 
13689 | 1601613 | 10.8167 | 4.8910 167 27889 | 4657463 | 12.9228 | 5.5069 
13924 1643032 | 10.8628 | 4.9049 168 28224 | 4741632 | 12.9615 5-5178 
14161 1685159 | 10.9087 | 4.9187 169 28561 | 4826809 | 13.0000 | 5.5288 


14400 | 1728000 | 10.9545 | 4.9324 170 28900 | 4913000 | 13.0384 | 5.5397 
14641 | 1771561 | 11.0000 | 4.9461 171 29241 - | 5000211 | 13.0767 | 5.5505 
14884 1815848 | 11.0454 | 4.9597 172 29584. 5088448 | 13.1149 | 5.5613 
15129 | 1860867 | I1.0905 | 4.9732 173 25029 eS LL oeSeO isa 0 
15376 | 1906624 | 11.1355 | 4.9866 174 30276 | 5268024 | 13.1909 | 5.5828 
15625 1953125 | 11.1803 5.0000 175 30625 5359375 | 13.2288 | 5.5934 
15876 | 2000376 | II.2250 | 5.0133 176 30976 | 5451776 | 13.2665 | 5.6041 
16129 | 2048383 | 11.2694 | 5.0265 177. 31329, | 5545233) || 13.3041-)| 5.0047 
16384. | 2097152 | 11.3137 | 5.0397 178 31684 | 5639752 | 13.3417 | 5.6252 
16641 | 2146689 | 11.3578 | 5.0528 | 179 | 32041 | 5735339 | 13.3791 | 5-6357 


16900 | 2197000 | 11.4018 | 5.0658 180 32400 | 5832000 | 13.4164 | 5.6462 
17161 | 2248091 | 11.4455 | 5.0788 181 32761 | 5929741 | 13.4536 | 5.6567 
17424 | 2299968 | 11.4891 | 5.0916 182 33124 | 6028568 | 13.4907 | 5.6671 
17689 | 2352637 | 11.5326 | 5.1045 183 33489 | 6128487 | 13.5277 | 5.6774 
T7OsOme24OO1OA | 11.5756. 1) 5. D072, 184 33856 | 6229504 | 13.5647 | 5.6877 
18225 | 2460375 | 11.6190 | 5.1299 185 34225 | 6331626 | 13.6015 | 5.6980 
18496 | 2515456 | 11.6619 | 5.1426 186 34596 | 6434856 | 13.6382 | 5.7083 
18769 | 2571353 | 11-7047 | 5.1551 | 187 | 34969 | 6539203 | 13.6748 | 5.7185 
19044 | 2628072 | 11.7473 | 5.1676 188 35344 | 6644672 | 13.7113 | 5.7287 
19321 | 2685619 | 11.7898 | 5.1801 189 35721 | 6751269 | 13.7477 | 5-7388 


19600 | 2744000 | 11.8322 | 5.1925 190 36100 | 6859000 | 13.7840 | 5.7489 
19881 _ | 2803221 | 11.8743 | 5.2048 191 36481 | 6967871 | 13.8203 | 5-7590 
20164 | 2863288 | 11.9164 | 5.2171 192 36864. | 7077888 | 13.8564 | 5.7690 
20449 | 2924207 | 11.9583 | 5.2293 193 37249 | 7189057 | 13.8924 | 5-7790 
20736 | 2985984 | 12.0000 | 5.2415 194 37636 | 7301384 | 13.9284 | 5.7890 
21025 | 3048625 | 12.0416 | 5.2536 195, 38025 | 7414875 | 13.9642 | 5.7989 
21316 | 3112136 | 12.0830 | 5.2656 196 38416 | 7529536 | 14.0000 |} 5.8088 
21609 | 3176523 | 12.1244 | 5.2776 197 38809 | 7645373 | 14.0357 | - 5.8186 
21904 | 3241792 | 12.1655 |" 5.2896 198 39204 | 7762392 | 14.0712 | 5.8285 
22201 | 3307949 | 12.2066 | 5.3015 199 39601 | 7880599 | 14.1067 | 5.8383 
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TABLE 165.—Continued. 


SoQuARES, CuBES, SQUARE Roots AND CuBE Roots OF NUMBERS FROM 200 TO 299. 


Square. Cube. Sq. Root. 5 5 e A Cube. Sq. Root. | Cu. Root. 


40000 8000000 | 14.1421 : 15625000 | 15.8114 | 6.2996 
40401 8120601 | 14.1774 5 15813251 | 15.8430 | 6.3080 
40804. 8242408 | 14.2127 d 16003008 | 15.8745 | 6.3164 
41209 8365427 | 14.2478 : 16194277] 15.9060 | 6.3247 
41616 8489664 | 14.2829 3 16387064 | 15.9374 | 6.3330 
42025 8615125 | 14.3178 : 16581375 | 15.9687 | 6.3413 
42436 8741816] 14.3527 i 16777216 | 16.0000 | 6.3496 
42849 | 8869743] 14.3875 | 5. 16974593 | 16.0312 | 6.3579 
43264 8998912 | 14.4222 : 17173512 | 16.0624 | 6.3661 
43681 | 9129329] 14.4568 : 17373979 | 16.0935 | 6.3743 


44100 9261000 | 14.4914 : 17576000 | 16.1245 | 6.3825 
44521 9393931 | 14.5258 : 17779581 | 16.1555 | 6.3907 
44944. 9528128 | 14.5602 : 17984728 | 16.1864 | 6.3988 
45369 | 9663597] 14.5945 18191447 | 16.2173 | 6.4070 
45796 9800344 | 14.6287 3 18399744 | 16.2481 | 6.4151 
46225 9938375 | 14.6629 : [ 18609625 | 16.2788 | 6.4232 
46656 | 10077696] 14.6969 | 6. 18821096 | 16.3095 | 6.4312 
47089 | 10218313 | 14.7309 2 19034163 | 16.3401 | 6.4393 
47524. | 10360232] 14.7648 : 19248832 | 16.3707 | 6.4473 
47961 | 10503459] 14.7986 : 19465109 | 16.4012 | 6.4553 


48400 | 10648000] 14.8324 : 19683000 | 16.4317 | 6.4633 
48841 | 10793861 | 14.8661 i _| 19902511 | 16.4621 | 6.4713 
49284 | 10941048 | 14.8997 4 20123648 | 16.4924 | 6.4792 
49729 | 11089567] 14.9332 : 20346417 | 16.5227 | 6.4872 
50176 | 11239424] 14.9666 : 6 | 20570824 | 16.5529 | 6.4951 
50625 | 11390625] 15.0000 : 20796875 | 16.5831 | 6.5030 
51076 | 11543176] 15.0333 : 21024576 | 16.6132 | 6.5108 
51529 | 11697083] 15.0665 : 21253933 | 16.6433 | 6.5187 
51984 | 11852352] 15.0997 : 21484952 | 16.6733 | 6.5265 
52441 | 12008989] 15.1327 : 21717639 | 16.7033 | 6.5343 


52900 | 12167000] 15.1658 : 21952000] 16.7332 | 6.5421 
533601 | 12326391] 15.1987 2 22188041 | 16.7631 | 6.5499 
53824 | 12487168 | 15.2315 : 22425768 | 16.7929 | 6.5577 
54289 | 12649337] 15.2643 : 22665187 | 16.8226 | 6.5654 
54756 | 12812904] 15.2971 : 22906304 | 16.8523 | 6.5731 
55225 |12977875| 15.3207 ‘ 23149125 | 16.8819 | 6.5808 
55696 | 13144256] 15.3623 ; 23393656] 16.9115 | 6.5885 
56169 | 13312053] 15.3948 ; 23639903 | 16.9411 | 6.5962 
56644 | 13481272] 15.4272 : 23887872 | 16.9706 | 6.6039 
57121 | 13651919] 15.4596 | 6. 24137569 | 17.0000 | 6.6115 


57600. | 13824000] 15.4919 : 24389000 | 17.0294 | 6.6191 
58081 | 13997521] 15.5242 : 24642171 | 17.0587 | 6.6267 
58564 | 14172488] 15.5563 : 24897088 | 17.0880 | 6.6343 
59049 | 14348907] 15.5885 . 25153757 | 17.1172 | 6.6419 
59536 1145267841 15.6205 ; 25412184 17.1464 | 6.6494 
60025 |14706125| 15.6525 ; 25672375 | 17.1756 | 6.6569 
60516 | 14886936] 15.6844 : 25934330 | 17.2047 | 6.6644 
.61009 | 15069223] 15.7162 : 26198073 | 17.2337 | 6.6719 
61504 | 15252992] 15.7480 : 26463592 | 17.2627 | 6.6794 
62001 | 15438249] 15.7797 : 26730899 | 17.2916 | 6.6869 
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Square. 


90000 
go6or 
Q1204. 
g1809 
92416 
93025 
93636 
94249 
94864 
95481 


96100 
96721 
97344 
97969 
98596 
99225 
99856 
100489 
IOII24 
101761 


102400 
103041 
103684 
104329 
104976 
105625 
106276 
106929 
107584 
108241 


108900 
109561 
110224 
110889 
111556 
112225 
112896 
113569 
114244 
114921 


115600 
116281 
116964. 
117649 
118336 
119025 
119716 
120409 
I2T104 
121801 


Cube. 


27000000 
27270901 
27543608 
27818127 
28094464 
28372625 
28652616 
28934443 
29218112 
29503629 


29791000 
30080231 
30371328 
30664297 
30959144 
31255875 
31554496 
31855013 
32157432 
32461759 


32768000 
33076161 
33386248 
33698267 
34012224 
34328125 
34645976 
34965783 
35287552 
35611289 


35937000 
36264691 
36594368 
36926037 
37259704 
37595375 
37933056 
38272753 
38614472 
38958219 


39304000 
39651821 
40001688 
40353607 
40707584 
41063625 
41421736 
41781923 
42144192 
42508549 


TABLE 165.—Continued. 


Squares, CuBEes, SQUARE Roots AND CuBE Roots oF NUMBERS FROM 300 TO 399. 


Sq. Root. 


17.3205 
17.3494 
17.3781 
17.4069 
17.4356 
17.4642 
17.4929 
17.5214 
17.5499 
17.5784 


17.6068 
17.6352 
17.6635 
17.6918 
17.7200 
17.7482 
17.7764 
17.8045 
17.8326 
17.8606 


17.8885 
17.9165 
17.9444 
17.9722 
18.0000 
18.0278 
18.0555 
18.0831 
18.1108 
18.1384 


18.1659 
18.1934 
18.2209 
18.2483 
18.2757 
18.3030 
18.3303 
18.3576 
18.3848 
18.4120 


18.4391 
18.1662 
18.4932 
18.5203 
18.5472 


18.5742 
18.6011 


18.6279 
18.6548 
18.6815 


6.6943 
6.7018 


6.7092 
6.7166 
6.7240 
6.7313 
6.7387 
6.7460 


6.7533 
6.7606 


6.7679 
6.7752 
6.7824 
6.7897 
6.7969 
6.8041 
6.8113 
6.8185 
6.8256 
6.8328 


6.8399 
6.8470 
6.8541 
6.8612 
6.8683 
6.8753 
6.8824 
— 6.8894 
6.8964 
6.9034 


6.9104 
6.9174. 
6.9244 
6.9313 
6.9382 
6.9451 
6.9521 
6.9589 
6.9658 
6.9727 


6.9795 
6.9864 
6.9932 
7.0000 
7.0068 
7.0136 
7.0203 
_ 7.0271 
7.0338 
7.0406 


Cu. Root. 
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Square. 


122500 
123201 
123904 
124609 
125316 
126025 
126736 
127449 
128164 
128881 


129600 
130321 
131044 
131769 
132496 
133225 
133956 
134689 
135424 
136161 


136900 
137641 
138384 
139129 
139876 
140625 
141376 
142129 
142884 
143641 


144400 
145161 
145924 
146689 
147456 
148225 
148996 
149769 
150544 
151321 


152100 
152881 
153664 
154449 
155236 
156025 
156816 
157609 
158404 
159201 


Cube. 


42875000 
43243551 
43614208 
43986977 
44361864 
44738875 
45118016 
45499293 
45882712 
46268279 


46656000 
47045881 
47437928 
47832147 
48228544 
48627125 
49027896 
49430863 
49836032 
50243409 


50653000 
51064811 
51478848 
51895117 
52313624 
52734375 
53157376 
53582633 
S40101$2 


54439939 


54872000 


55306341 


55742968 
56181887 


56623 104 
57066625 
57512456 
57960603 
58411072 
58863869 


593 19000 
59776471 
60236288 
60698457 
61162984 
61629875 
62099136 
62570773 
63044792 
63521199 


Sq. Root. 


18.7083 
18.7350 
18.7617 
18.7883 
18.8149 
18.8414 
18.8680 
18.8944 
18.9209 
18.9473 


18.9737 
19.0000 


19.0263 
19.0526 
19.0788 
19.1050 
19.1311 
19.1572 
19.1833 
19.2094 


19.2354 
19.2614 
19.2873 
19.3132 
19.3391 
19.3649 
19.3907 
19.4165 
19.4422 
19.4679 


19.4936 
19.5192 
19.5448 
19.5704 
19.5959 
19.6214 
19.6469 
19.6723 
19.6977 
19.7231 


19.7484 
19.7737 
19.7990 
19.8242 
19.8494 
19.8746 
19.8997 
19.9249 
19.9499 
19.9750 


Cu. Root. 


7-04.73 
7-2540 
7.0607 
7.0674 . 
7-0740 
7.0807 
7-0873 
7-0949 
7.1006 
7.1072 


7.1138 
7.1204 
7.1269 
7-1335 
7.1400 
7.1466 
7-1531 
7-1596 
7.1661 
7.1726 


7-1792 
7-1855 
7.1920 
7.1984 
7.2048 
7.2112 
7-2177 
7.2240 
7-2304 
7.2368 


7-2432 
7-2495 
7-2558 
7.2622 
7.2685 
7.2748 
7.2811 
7.2874 
7-2936 
7-2999 


7.3061 
7.3124 
7.3186 
7.3248 
7-33 Io 
7.3372 
7.3434 
7.3496 
7.3558 
7.3619 


Square. 


Cube. 


TABLE 165.—Continued. 


Squares, CuBES, SQUARE Roots AND CuBE Roots oF NUMBERS FROM 400 TO 499. 


{Sq. Root. 


Cu. Root. 


160000 
160801 
161604 
162409 
163216 
164025 
164836 
165649 
166464 
167281 


168100 
168921 
169744. 
170569 
171396 
172225 
173056 
173889 
174724 
175561 


176400 
177241 
178084 
178929 
179776 
180625 
181476 
182329 
183184 
184041 


184900 
185761 
186624 
187489 
188356 
189225 
190096 
190969 
191844 
192721 


193600 
194481 
195364. 
196249 
197136 
198025 
198916 
199809 
200704 
201601 


64000000 
64481201 
64964808 
65450827 


65939264 
66430125 


66923416 
67419143 
67917312 
68417929 


68921000 
69426531 
69934528 
70444997 
70957944 
71473375 
71991296 
72511713 
73034632 
73560059 


74088000 
74618461 
75151448 
75686967 
76225024 
76765625 
77308776 
77854483 
78402752 
78953589 


79597000 
80062991 
80621568 
81182737 
81746504. 
82312875 
82881856 
83453453 
84027672 
84604519 


85184000 
85766121 
86350888 
86938307 
87528384 
88121125 
88716536 
89314623 
89915392 
90518849 


20.0000 
20.0250 
20.0499 
20.0749 
20.0998 
20.1246 
20.1494. 
20.1742 
20.1990 
20.2237 


20.2485 
20.2731 
20.2978 
20.3224 
20.3470 
20.3715 
20.3961 
20.4206 
20.4450 
20.4695 


20.4939 
20.5183 
20.5426 
20.5670 
20.5913 
20.6155 
20.6398 
20.6640 
20.6882 
20.7123 


20.7364. 
20.7605 
20.7846 
20.8087 
20.8327 
20.8567 
20.8806 
20.9045 
20.9284. 
20.9523 


20.9762 
21.0000 
21.0238 
21.0476 
21.0713 
21.0950 
21.1187 
21.1424 
21.1660 
21.1896 


7.3681 
7-3742 
7.3803 
7.3864 
7-3925 
7:3986 
7-4047 
7.4108 
7.4169 
7.4229 


7.4290 
7-4350 
7-4410 
7-4479 
7-4530 
7-4590 
7.4650 
7-4710 
74779 
7.4829 


7.4889 
7.4948 
7.5007 
7.5067 
7.5126 
7-5185 
7.5244 
7.5302 
7.5361 
7.5420 


7-5478 
75537 
75595 
7-5654 
75712 
75779 
7.5828 
7.5886 
75944 
7.6001 


7-6059 
7.6117 
7-0174 
7.6232 
7.6289 
7-63.46 
7-6403 
7.6460 
7-517 
7-6574 


Square. 


202500 
203401 
204304 
205209" 
206116 
207025 
207936 
208849 
209764 
210681 


211600 
212521 
213444 
214369 
2152096 
216225 
217156 
218089 
219024 
219961 


220900 
221841 
222784 
223729 
224676 
225625 
226576 
227529 
228484 
229441 


230400 
231361 
232324 
233289 
234256 
235225 
236196 
237169 
238144 
239121 


240100 
241081 
242064. 
243049 
244036 
245025 
246016 
24.7009 
248004 
249001 


Cube. 


91125000 
91733851 
92345408 
92959677 
93576664 
94196375 
94818816 
95443993 
96071912 
96702579 


97336000 
97972181 
98611128 
99252847 
99897344 
100544625 
101194696 
101847563 
102503232 
103 161709 


103823000 
104487111 
105154048 
105823817 
106496424 
107171875 
107850176 
108531333 
109215352 
109902239 


110592000 
111284641 
111980168 
112678587 
113379904 
114084125 
114791256 
I15§501303 
116214272 
116930169 


117649000 
118370771 
119095488 
119823157 
120553784 
121287375 
122023936 
122763473 
123505992 
124251499 


Sq. Root. 


21.2132 
21.2368 
21.2603 
21.2838 
21.3073 
21.3307 
21.3542 
21.3776 
21.4009 
21.4243 


21.4476 
21.4709 
21.4942 
21.5174 
21.5407 
21.5639 
21.5870 
21.6102 
21.6333 
21.6564 


21.6795 
21.7025 
21.7256 
21.7486 
21.7715 
21.7945 
21.8174 
21.8403 
21.8632 
21.8861 


21.9089 
21.9317 
21.9545 


21.9773 
22.0000 


22.0227 
22.0454 
22.0681 
22.0907 
22.1133 


22.1359 
22.1585 
22.1811 
22.2036 
22.2261 
22.2486 
22.2711 
22.2935 
22.3159 
22.3383 


Cu. Root. 


7.6631 
7.6688 
7-6744, 
7.6801 
7-6857 
7-6914 
7.6970 
7.7026 
7.7082 
7-7138 


7:7194 
7-7250 
7-7306 
7-7362 
7.7418 
7-7473 
7-7529 
7-7584 
7-7639 
7-7695 


7:7750 
7-7805 
7.7860 
7:7915 
7-7979 
7.8025 
7.8079 
7-8134 
7.8188 


7.8243 


7.8297 
7:8352 
7.8406 
7.8460 
78514 
7.8568 
7.8622 
7.8676 
7-8730 
78784 


7.8837 
7.8891 
7.8944 
7.8998 
79051 
7-9105 
7-9158 
7.921 3 
7.9264 
7:9317 


No. 


500 
Sol 
502 
503 
504 
505 
506 
507 
508 


Square. 


250000 
251001 
252004 
253009 
254016 
255025 
256036 
257049 
258064 
259081 


260100 
261121 
262144 
263169 
264196 
265225 
266256 
267289 
268324 
269361 


270400 
271441 
272484 
273529 
274576 
275625 
276676 
277729 
278784 
279841 


280900 
281961 
283024 
284089 
285156 
286225 
287296 
288369 
289444 
290521 


291600 
292681 
293764 
294849 
295936 
297025 
298116 
299209 
300304. 
301401 


Cube. 


125000000 
125751501 
126506008 
127263527 
128024064 
128787625 
129554216 
130323843 
131096512 
131872229 


132651000 
133432831 
134217728 
135005697 
135796744 
136590875 
137388096 
138188413 
138991832 
139798359 


140608000 
141420761 
142236648 
143055667 
143877824 
144703125 
145531576 
146363183 
147197952 
148035889 


148877000 
149721291 
150568768 
151419437 
152273304 
153130375 
153990656 
154854153 
155720872 
156590819 


157464000 
158340421 
159220088 
160103007 
160989184 
161878625 


TABLE 165.—Continued. 


Squares, CuBEs, SQUARE Roots AND CuBE Roots oF NUMBERS FROM 500 TO 599. 


22.3607 
22.3830 
22.4054 
22.4277 
22.4499 
22.4722 
22.4944 
22.5167 
22.5389 
22.5610 


22.5832 
22.6053 
22.6274 
22.6495 
22.6716 
22.6936 
227056 
22.7376 
22.7596 
22.7816 


22.8035 
22.8254 
22.8473 
22.8692 
22.8910 
22.9129 
22.9347 
22.9565 
22.9783 
23.0000 


23.0217 
23-0434 
23.0051 
23.0868 
23.1084 
23.1301 
23 UL, 
23-1733 
23.1948 
23.2164 


23.2379 
23.2594 
23.2809 
23.3024 
23.3238 
23-3452 
23.3666 
23.3880 


23.4094 ° 


23.4307 


7.9370 
7:94.23 
7-9476 
7.9528 
7-9581 
7-9634 
7.9686 
79739 
7-9791 
7-9843 


7.9896 
7-9948 
8.0000 
8.0052 
8.0104 
8.0156 
8.0208 
8.0260 
8.0311 
8.0363 


8.0415 
8.0466 
8.0517 
8.0569 
8.0620 
8.0671 
8.0723 
8.0774 
8.0825 
8.0876 


8.0927 
8.0978 
8.1028 
8.1079 
8.1130 
8.1180 
8.1231 
8.1281 
8.1332 
8.1382 


8.1433 
8.1483 
8.1533 
8.1583 
8.1633 
8.1683 


8.1733 


8.1783 


8.1833 
8.1882 


Sq. Root. | Cu. Root. 


277 


Square. 


302500 
303601 
304704 
305809 
306916 
308025 
309136 
310249 
311364 
312481 


313600 
314721 
315844 
316969 
318096 
319225 
320356 
321489 
322624 
323761 


324900 
326041 
327184 
328329 
329476 
330625 
331776 
332929 
334084 
335241 


336400 
337561 
338724 
339889 
341056 
342225 
343396 
344569 
345744 
346921 


348100 
349281 
350464 
351649 
352836 
354025 
355216 
356409 
357604 
358801 


Cube. 


166375000 
167284151} 


168196608 
169112377 
170031464 
170953875 
171879616 
172808693 
173741112 
174676879 


175616000 
176558481 
177504328 
178453547 


179406144 
180362125 


181321496 
182284263 
183250432 
184220009 


185193000 
186169411 
187149248 
188132517 
189119224 
190109375 
191102976 
192100033 
193100552 
194104539 


195112000 
196122941 
197137368 
198155287 
199176704 
200201625 
201230056 
202262003 
203297472 
204336469 


205379000 
206425071 
207474688 
208527857 
209584584 
210644875 
211708736 
212776173 
213847192 
214921799 


Sq. Root. 


23.4521 
23-4734 
23-4947 
23.5160 
23-5372 
23.5584 
23.5797 
23.6008 
23.6220 


23.6432 


23.6643 
23.6854 
23.7065 
23.7276 
23.7487 
23.7697 
23.7908 
23.8118 
23.8328 
23.8537 


23.8747 
23.8956 
23.9165 
23.9374 
23.9583 
23.9792 
24.0000 
24.0208 
24.0416 
24.0624 


24.0832 
24.1039 
24.1247 
24.1454 
24.1661 
24.1868 
24.2074 
24.2281 
24.2487 
24.2693 


24.2899 
24.3105 
24.3311 
24.3516 
24.3721 
24.3926 
24.4131 
24.4336 
24.4540 
24.4745 


Cu. Root. 


8.1932 
8.1982 
8.2031 
8.2081 
8.2130 
8.2180 
8.2229 
8.2278 
8.2327 
8.2377 


8.2426 
8.2475 
8.2524 
8.2573 
8.2621 
8.2670 
8.2719 
8.2768 
8.2816 
8.2865 


8.2913 
8.2962 
8.3010 
8.3059 
8.3107 
8.3155 
8.3203 
8.3251 
8.3300 
8.3348 


8.3396 
8.3443 
8.3491 
8.3539 
8.3587 
8.3634 
8.3682 
8.3730 
8.3777 
8.3825 


8.3872 
8:3919 
8.3967 
8.4014. 
8.4061 
8.4108 
8.4155 
8.4202 
8.4249 
8.4296 


Square. 


3.60000 
361201 
362404 
363609 
364816 
366025 
367236 
368449 
369664 
370881 


372100 
373321 
374544 
375769 
376996 
378225 
379456 
380689 
381924 
383161 


384400 
385641 
386884 
388129 
389376 
390625 
391876 
393129 
394384 
395641 


396900 
398161 
399424. 
400689 
401956 
403225 
404496 
405769 
407044 
408321 


409600 
410881 
412164 
413449 
414736 
416025 
417316 
418609 
419904 
421201 


Cube. 


216000000 
217081801 
218167208 
219256227 
220348864 
221445125 
222545016 
223648543 
224755712 
225866529 


226981000 
228099131 
229220928 
230346397 
231475544 
232608375 
233744896 
234885113 
236029032 
237176659 


238328000 
239483061 
240641848 
241804367 
242970624 
244140625 
245314376 
246491883 
247673152 
248858189 


250047000 
251239591 
252435968 
253636137 
254840104 
256047875 
257259456 
258474853 
259694072 
260917119 


262144000 
263374721 
264609288 
265847707 
267089984 
268336125 
269586136 
270840023 
272097792 
273359449 


TABLE 165.—Continued. 


Squares, CusEs, SQUARE Roots AND CuBE Roots oF NUMBERS FROM 600 TO 699. 


Sq. Root. 


24.4949 
24.5153 
24.5357 
24.5561 
24.5764 
24.5967 
24.6171 
24.6374 
24.6577 
24.6779 


24.6982 
24.7184 
24.7386 
24.7588 
24.7790 
24.7992 
24.8193 
24-8395 
24.8596 
24.8797 


24.8998 
24.9199 
24.9399 
24.9600 
24.9800 
25.0000 
25.0200 
25.0400 
25-0599 
25.0799 


25.0998 
25.1197 
25.1396 
25-1595 
25-1794 
25.1992 
25.2190 
25.2389 
25 2587 
25.2784 


25.2982 
25.3180 
25-3377 
25-3574 
25-3772 
25 3969 
25.4165 
25 4362 
25.4558 
25-4755 


Cu. Root. 


8.4343 
8.4390 
8.4437 
8.4484 
8.4530 
8.4577 
8.4623 
8.4670 
8.4716 
8.4763 


8.4809 
8.4856 
8.4902 
8.4948 
8.4994 
8.5040 
8.5086 
8.5132 
8.5178 
8.5224. 


8.5270 
8.5316 
8.5362 
8.5408 
8 5453 
8.5499 
8.5544 
8.5590 
8.5635 
8.5681 


8.5726 
8.5772 
8.5817 
8.5862 
8.5907 
8 5952 
8.5997 
8 6043 
8 6088 
8 6132 


8 6177 
8.6222 
8.6267 
8.6312 
8.6357 
8.6401 
8.64.46 
8 6490 
8 6535 
8.6579 


Square. 


422500 
423801 
425104 
426409 
427716 
429025 
430336 
431649 
432964 
434281 


435600 
436921 
438244 
439569 
440896 
442225 
443556 
444889 
446224 
447561 


448900 
450241 
451584 
452929 
454276 
455625 
456976 
458329 
459684 
461041 


462400 
463761 
465124 
466489 
467856 
469225 
470596 
471969 
473344 
474721 


476100 
477481 
478864 
480249 
481636 
483025 
484416 
485809 
487204 
488601 


Cube. 


274625000 
275894451 
277167808 
278445077 
279726264 
281011375 
282300416 
283593393 
284890312 
286191179 


287496000 
288804781 
290117528 
291434247 
292754944 
294079625 
295408296 
296740963 
298077632 
299418309 


300763000 
302111711 
303464448 
304821217 
306182024 
307546875 
308915776 
310288733 
311665752 


314432000 
315821241 
317214568 
3 18611987 
320013504 
321419125 
322828856 
324242703 
325660672 
327082769 


328509000 
329939371 
331373888 
332812557 
334255384 
335792375 


337153536 
338608873 
340068392 


341532099 


313046839} 


Sq. Root. 


25-4951 
25 5147 
25 5343 
25-5539 
25-5734 
25-5930 
25-6125 
25.6320 
25.6515 
25.6710 


25 6905 
25-7099 
25-7294 
25.7488 
25.7682 
25.7876 
25.8070 
25.8263 
25-8457 
25.8650 


25.8844 
25-9037 
25.9230 
25.9422 
25.9615 
25.9808 
26.0000 
26.0192 
26.0384 
26.0576 


26.0768 
26.0960 
26.1151 
26.1343 
26.1534. 
26.1725 
26.1916 
26.2107 
26.2298 
26.2488 


26.2679 
26.2869 
26.3059 
26.3249 


26.3439 


26 3629 
26.3818 
26 4008 
26.4197 
26.4386 


Cu. Root. 


8.6624 
8.6668 
8.6713 
8.6757 
- 8.6801 
8.6845 
8.6890 
8.6934 
8.6978 
8 7022 


8.7066 
8 7110 
8.7154 
8.7198 
8.7241 
8.7285 
8.7329 
8.7373 
8.7416 
8.7460 


8.7503 
8 7547 
8.7590 
8 7634 
8.7677 
8.7721 
8.7764 
8.7807 
8 7850 
8.7893 


8.7937 
8.7980 
8.8023 
8.8066 
8.8109 
8.8152 
8.8194 
8.8237 
8.8280 
8.8323 


8.8366 
8.8408 
8.8451 
8.8493 
8.8536 | 
8.8578 
8 8621 
8.8663 
8.8706 
8.8748 


Square. 


490000 
491401 
492804. 
494209 
495616 
497025 
498436 
499849 
501264 
502681 


504100 
505521 
506944 
508369 
509796 
511225 
512656 
514089 
515524 
516G61 


518400 
519841 
521284 
522729 
524176 
525625 
527076 
528529 
529984 
531441 


532900 
534361 
535824 
537289 
538756 
540225 
541696 
543169 


544644 
540121 


547600 
549081 
550564 
552049 
553536 
555025 
556516 
558009 
559504 
561001 


Cube. 


343000000 
344472101 
345948408 
347428927 
348913664 
350402625 
351895816 
353393243 


354894912 
356400829 


357911000 
359425431 
360944128 
362467097 
363994344 
365525875 
367061696 
368601813 
370146232 
371694959 


373248000 
374805361 
376367048 
377933067 
379503424 
381078125 
382657176 
384240583 
385828352 
387420489 


389017000 
390617891 
392223 168 
393832837 
395446904 
397065375 
398688256 
400315553 
401947272 


403583419 


405224000 
406869021 
408518488 
410172407 
411830784 
413493625 
415160936 
416832723 
418508992 
420189749 


TABLE 165.—Continued. 


Squares, CusBes, SQuARE Roots AND CuBE Roots oF NUMBERS FROM 700 TO 799. 


Sa. Root. 


26.4575 
26.4764. 
26.4953 
26.5141 
26.5330 
26.5518 
26.5707 
26.5895 
26.6083 
26.6271 


26.6458 
26.6646 
26.6833 
26.7021 
26.7208 
26.7395 
26.7582 
26.7769 
26.7955 
26.8142 


26.8328 
26.8514 
26.8701 
26.8887 
26.9072 
26.9258 
26.9444 
26.9629 
26.9815 
27.0000 


27.0185 
27.0370 
27-0555 
27.0740 
27.0924 
27.1109 
27.1293 
27-1477 
27.1662 
27.1846 


27.2029 
Di 
27 2397 
27.2580 
27.2764. 
27.2947 
27.3130 
27-3313 
27.3496 
27.3679 


279 


- Square. 


562500 
564001 
565504 
567009 
568516 
§70025 
571536 
573049 


574504 
576081 


577600 
579121 
580644 
582169 
583696 
585225 
586756 
588289 
589824. 
591361 


592900 
594441 
595984 
597529 
599076 
600625 
602176 
603729 
605284 
606841 


608400 
609961 
611524 
613089 
614656 
616225 
617796 
619369 
620944 
622521 


624100 
625681 
627264. 
628849 
630436 
632025 
633616 
635209 
636804. 
638401 


Cube. 


421875000 
423564751 
425259008 
420957777 
428661064 
430368875 
432081216 
433798093 
435519512 
437245479 


438976000 
440711081 
442450728 
444194947 
445943744 
447697125 
449455096 
451217663 
452984832 
454750609 


456533000 
458314011 
460099648 
461889917 
463684824 
465484375 
467288576 
469097433 
470910952 
472729139 


474552000 


476379541 
478211768 


480048687 
481890304 
483730625 
485587656 
487443403 
489303872 
491169069 


493039000 
494913671 
496793088 
498677257 
500566184 
502459875 
504358336 
506261573 
508169592 
5 10082399 


Sq. Root. 


27.3861 
27-4044 
27.4226 
27.4408 
27-4591 
27-4773 
27-4955 
27.5136 
27.5318 
27.5500 


27.5681 
27.5862 
27.6043 
27.6225 
27.6405 
27.6586 
27.6767 
27.6948 
27.7128 
27.7308 


27.7489 
27.7669 
27.7849 
27.8029 
27.8209 
27.8388 
27.8568 
27.8747 
27.8927 
27.9106 


27.9285 
27.9464, 
27.9643 
27.9821 
28.0000 
28.0179 
28.0357 
28.0535 
28.0713 
28.0891 


28.1069 
28 1247 
28.1425 
28.1603 
28.1780 
28.1957 
28.2135 
28.2312 
28.2489 
28.2666 


Cu. Root. 


9.0856 
9.0896 
9-0937 
9.0977 
9.1017 
9.1057 
9.1098 
9.1138 
9.1178 
9.1218 


9.1258 
9.1298 
9.1338 
9.1378 
9.1418 
9.1458 
9.1498 
9.1537 
9-1577 
9.1617 


9.1657 
9.1696 
9.1736 
9.1775 
9.1815 
9.1855 
9.1894 
9.1933 


810 


820 


825 


830 


839 


849 


Square. 


640000 
641601 
643204 
644809 
646416 
648025 
649636 
651249 
652864. 
654481 


656100 
657721 
659344 
660969 
662596 
664225 
665856 
667489 
669124. 
670761 


672400 
674041 
675684 
677329 
678976 
680625 
682276 
683929 
685584 
687241 


688900 
690561 
692224 
693889 
695556 
697225 
698896 
700569 
702244 
793921 


705600 
707281 
708964. 
710649 
712336 
714025 
715716 
717409 
719104 
720801 


Cube. 


5 12000000 
513922401 
515849608 
517781627 
519718464 
521660125 
523606616 
525557943 
527514112 
529475129 


53 1441000 
533411731 
535387328 
537307797 
539353144 
541343375 
543338496 
545338513 
547343432 
549353259 


551368000 
553387661 
555412248 
557441767 
559476224 
561515625 
563559976 
565609283 
567663552 
569722789 


571787000 
573856191 
575930368 
578009537 
§80093 704 
582182875 
584277056 
586376253 
538480472 
590589719 


592704000 
594823321 
595947688 
599077107 
601211584 
603351125 
605495736 
607645423 
609800192 
611960049 


TABLE 165.—Continued. 


Squares, Cuses, SQUARE Roots AND CuBE Roots or NUMBERS FROM 800 TO 899. 


28.2843 
28.3019 
28.3196 
28.3373 
28.3549 
28.3725 
28.3901 
28.4077 
28.4253 
28.4429 


28.4605 
28.4781 
28.4956 
28.5132 
28.5307 
28.5482 
28 5657 
28.5832 
28.6007 
28.6182 


28.6356 
28.6531 
28.6705 
28.6880 
28.7054 
28 7228 
28.7402 
28.7576 
28.7750 
28.7924. 


28.8097 
28.8271 
28.8444 
28.8617 
28.8791 
28.8964. 
28.9137 
28.9310 
28.9482 
28.9655 


28.9828 
29.0000 
29.0172 
29.0345 
29.0517 
29.0689 
29.0861 
29.1033 
29.1204 
29.1376 


Sq. Root. 


Cu. Root. 


9.2832 
9.2870 
9.2909 
9.2948 
9.2986 
9.3025 
9.3063 
9.3102 
9.3140 
9-3179 


9.3217 
9.3255 
9.3294 
9.3332 
9-3370 
9.3408 


280 


Square. 


72.2500 
724201 
725904 
727609 
729316 
731025 
732736 
734449 
736164 
737881 


73.9600 
741321 
743044 
744709 
746496 
748225 
749956 
751689 
753424 
755161 


756900 
758641 
760384 
762129 
763876 
765625 
767376 
769129 
770884 
772641 


774400 
776164 
777924 
779689 
781456 
783225 
784996 
786769 
788544 
790321 


792100 
793881 
795664. 
797449 
799236 
801025 
802816 
804609 
806404 
808201 


Cube. 


614125000 
616295051 
618470208 
620650477 
622835864 
625026375 
627222016 
629422793 
631628712 
633839779 


636056000 
638277381 
640503928 
642735647 
644972544 
nie 
64946189 

651714363 
653972032 
656234909 


658503000 
660776311 
663054848 
665338617 
667627624 
669921875 
672221376 
674526133 
676836152 
679151439 


681472000 
683797841 
686128968 
688465387 
690807104 
693154125 
(695506456 
697864103 
700227072 
702595369 


704969000 
797347971 
709732288 
712121957 
7145 16984 
716917375 
719323136 
721734273 
724150792 
726572699 


Sq. Root. 


29.1548 
29.1719 
29.1890 
29.2062 
29.2233 
29.2404. 
29.2575 
29.2746 
29.2916 
29.3087 


29.3258 
29.3428 
29.3598 
29.3769 
29-3939 
29.4109 
29-4279 
29-4449 
29.4618 
29.4788 


29.4958 
20,5127 
29.5296 
29.5466 
29.5635 
29.5804 
29.5973 
29.6142 
29.6311 
29.6479 


29.6648 
29.6816 
29.6985 
29-7153 
29.7321 
29.7489 
29.7658 
29 7825 
29-7993 
29.8161 


29.8329 
29.8496 
29.8664 
29.8831 
29.8998 
29.9166 
29.9333 
29.9500 
29.9666 
29.9833 


Cu. Root. 


9-4727 
9.4764 
9.4801 
9.4838 
9.4875 
9-4912 
9.4949 
9.4986 
9-5023 
9.5060 


9.5097 
9.5134 
9-5171 
9.5207 
9.5244 
9.5281 
9.5317 
9-5354 
9.5391 
9.5427 


9.5464 
9.5501 
9.5537 
9.5574 
9.5610 
9.5647 
9.5683 
9.5719 
9.5756 
9.5792 


9.5828 
9-5865 
9.5901 
9-5937 
9:5973 
9.6010 
9.6046 
9.6082 
9.6118 


9.6154 


9.6190 
9.6226 
9.6262 
9.6298 
9.6334 
9.6370 
9.6406 
9.6442 
9.6477 
9.6513 


57 


Square. 


810000 
811801 
813604 
815409 
817216 
819025 
820836 
822649 
824464 
826281 


828100 
829921 
831744 
833569 
835396 
837225 
839056 
840889 
842724 
844561 


846400 
848241 
850084 
851929 
853776 
855625 
857476 
859329 
861184 
863041 


864900 
866761 
868624 
870489 
872356 
874225 
876096 
877969 
879844 
881721 


883600 
885481 
887364 
889249 
891136 
893025 
894916 
896809 
898704. 
goo6ol 


Cube. 


729000000 
731432701 
733870808 
736314327 
738763 264 
741217625 
743677416 
746142643 
748613312 
751089429 


753571000 
756058031 
758550528 
761048497 
763551944 
76606087 5 
768575296 
771095213 
773620632 
776151559 


778688000 
781229961 
783777448 
786330467 
788889024 
791453125 
794022776 
796597983 
799178752 
801765089 


804357000 
806954491 
809557568 
812166237 
814780504 
817400375 
820025856 
822656953 
825293672 
827936019 


830584000 
833237621 
835896888 
838561807 
841232384 
843908625 
8465905 36 
849278123 
851971392 
854670349 


TABLE 165.—Continued. 


SQUARES, CUBES, SQUARE Roots AND CuBE Roots oF NUMBERS FROM 900 TO 999. 


Sq. Root. 


30.0000 
30.0167 
30.0333 
30.0500 
30.0666 
30.0832 
30.0998 
30.1164 
30.1330 
30.1496 


30.1662 
30.1828 
39-1993 
30.2159 
30.2324 
30.2490 
30.2655 
30.2820 
30.2985 
30.3150 


30.3315 
30.3480 
30.3645 
30.3809 
39-3974 
30.4138 
30.4302 
30.4467 
30.4631 
39-4795 


30-4959 
30.5123 
30.5287 
30-5450 
30.5614 
30.5778 
30.5941 
30.6105 
30.6268 


30.6431 


30.6594 
30.6757 
30.6920 
30.7083 
30.7246 
30-7499 
30-7571 
30-7734 
30.7896 
30.8058 


9.6549 
9.6585 
9.6620 
9.6656 
9.6692 
9.6727 
9.6763 
9.6799 
9.6834 
9.6870 


9-6905 
9-6941 
9.6976 
9.7012 
9-7047 
9.7082 
9.7118 
9.7153 
9.7188 
9.7224 


9.7259 
9.7294 
9.7329 
9-7364 
9.7400 
9-7435 
9.7470 
9.7505 
9-7540 
9.7575 


9.7610 
9-7645 
9.7680 
9-7715 
9-7750 
9-785 
9.7819 
9-7854 
9-7889 
9-7924 


9:7959 


9-7993 
9.8028 
9.8063 
9.8097 
9.8132 
9.8167 
9.8201 
9.8236 
9.8270 


Cu. Root. 


281 


Square. 


902500 
904401 
906304. 
908209 
QIOII6 
912025 
913936 
915849 
917764. 
919681 


921600 
923521 
925444 
927369 
929296 
931225 
933156 
935089 
937024 
938961 


940900 
942841 
944784 
946729 
948676 
950625 
952576 
954529 
956484 
958441 


960400 
962361 
964324 
966289 
968256 
970225 
972196 
974169 
976144 
978121 


g80100 
982081 
984064 
986049 
988036 
990025 
992016 
994.009 
996004. 
998001 


Cube. 


857375000 
860085351 


862801408 
865523177 
868250664 
870983875 
873722816 
876467493 
879217912 


881974079 


884736000 
887503681 


890277128 
893056347 
895841344 
898632125 
901428696 
904231063 
907939232 
909853209 


912673000 
915498611 
918330048 
921167317 
924010424 
926859375 
929714176 
932574833 
935441352 
938313739 


941192000 
944076141 
946966168 
949862087 
952763904 
955671625 
958585256 
961504803 
964430272 
967361669 


970299000 
973242271 
976191488 
979146657 
982107784 
985074875 
988047936 
991026973 
994011992 


997002999 


Sq. Root. 


30.8221 
30.8383 
30.8545 
30.8707 
30.8869 
30.9031 
30.9192 
30-9354 
30.9516 
30.9677 


30.9839 
3 1.0000 
31.0161 
31.0322 
31.0483 
31.0644 
31.0805 
31.0966 
31.1127 
31.1288 


31.1448 
31.1609 
31.1769 
31.1929 
31.2090 
31.2250 
31.2410 
31.2570 
31.2730 
31.2890 


31.3050 
31.3209 
31.3369 
31.3528 
31.3688 
31.3847 
31.4006 
31.4166 
31.4325 
31.4484 


31.4643 
31.4802 
31.4960 
31.5119 
31.5278 
31.5436 
31.5595 
31.5753 
31.5911 
31.6070 


Cu. Root. 


9.8305 
9.8339 
9.8374 
9.8408 
9.84.43 
9.8477 
9.8511 
9.8546 
9.8580 
9.8614 


9.8648 
9.8683 
9.8717 
9.8751 
9.8785 
9.8819 
9.8854 
9.8888 
9.8922 
9.8956 


9.8990 
9.9024 
9.9058 
9.9092 
9.9126 
9.9160 
99194 
9.9227 
9.9261 
9-9295 


9.9329 _ 
9.9363 
9.9396 
9.9430 
9.9464 
9.9497 
9.9531 
9.9565 
9-9598 
9.9632 


9.9666. 
9.9699 
9-9733 
9.9766 
9.9800 
9.9833 
9.9866 
9.9900 
9.9933 
9.9967 
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COMMENTS OF THE PRESS ON FIRST EDITION. 

Professor Ketchum’s work is the first book on the design of steel frame mill buildings; 
in thoroughness and clearness it does full justice to its subject. It is the result of both 
theoretical and practical acquaintance with the type of structure treated. It will prove of 
value as well to the designing engineer as to teachers and students.— Engineering News, 
Oct. 15, 1903. 

It covers a broader field than its title indicates, as it is in reality a treatise on framed 
structures.—Railroad Gazette, Nov. 21, 1903. 

The book is new and presents the best modern practice and should be found valuable 
te architects as well as engineers.—Architects and Builder's Magazine, Jan., 1904. 


COMMENTS OF PRESS ON SECOND EDITION. 

This is the second edition of a well known treatise, which has already met with well 
deserved appreciation among engineers.— Engineering and Mining Journal, Nov. 17, 1906. 

The main impression we have derived from a survey of the contents of this book is 
that it is of a sound practical character.—Mechanical Engineer (London). 

The first edition of this book was issued in 1903. It was promptly received with 
favor by engineers because it supplied for the first time a systematic treatment of the 
details of American steel mill buildings. Valuable information was published regarding 
cost analysis of such structures that is not generally available to engineers, especially to 
the younger ones outside the estimating departments of bridge works.—Professor H. S. 
Jacoby in Engineering News. 
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Those familiar with Professor Ketchum’s book on Steel Mill Buildings will welcome 
this pioneer treatise on bin design, which is characterized by the same thoroughness, clear- 
ness and logical and systematic arrangement displayed in the former volume. ...A 
valuable feature of the book is to be found in the tables of costs of actual structures which 
are included wherever possible and analyzed so thoroughly as to be of the greatest assistance 
and value. For practical data and scientific and theoretical accuracy, Prof. Ketchum’s 
book can be recommended to the student and practicing engineer alike.—The Engineering 
Magazine, November, 1907. 

This book will be welcomed by the constructing engineer as the first authoritative 
and elaborate contribution to technical literature on the perplexing subject of the design 
and construction of coal and ore bins. . . . The portion of the book which relates to 
coal and ore bins is the largest, and this will make it appeal especially to mining and metal- 
lurgical engineers. They will find the admirable study of retaining walls to be scarcely 
less useful. 

Professor Ketchum is well known as the author of “The Design of Steel Mill Build- 
ings,’’ which won high appreciation because of its eminently practical character. His 
present work is one of the same order, and will take a high place.—The Engineering and 
Mining Journal, June 8, 1907. 


McGraw-Hill Book Company, New York 


THE DESIGN OF HIGHWAY BRIDGES 
OF STEEL, TIMBER AND CONCRETE 


SECOND EDITION, REWRITTEN 


By MILO S. KETCHUM, C.E., M.Am. Soc.C.E. 


Professor-in-Charge of Civil Engineering, University of Pennsylvania; Sometime Dean of 
College of Engineering and Professor of Civil Engineering, 
University of Colorado; Consulting Engineer 


Flexible, 614xg ins., pp. 548-+xvi, 140 tables, 340 illustrations, 7 folding 
plates, Price $6.00 met, postpaid. 


TABLE OF CONTENTS 


PART I.—The Calculation of Stresses in Bridge Trusses. Chapter I. Methods 
for the Calculation of Stresses in Framed Structures. II. Stressesin Beams. III. Stresses 
in Highway Bridge Trusses. IV. Stresses in Railway Bridge Trusses. V. Stresses in 
Lateral Systems. VI. Stresses in Pins, Eccentric and Combined Stresses, Deflections of 
Trusses, Stresses in Rollers, and Camber. VII. The Solutions of 27 Problems in the 
Calculation of Stresses in Bridge Trusses. 


PART II.—Design of Steel and Timber Bridges. Chapter VIII. Types of Bridges. 
IX. Data for the Design of Steel Highway Bridges. X. Design of Highway Bridge 
Floors. XI. Design of Beam Highway Bridges. XII. Design of Plate Girder Highway 
Bridges. XIII. Design of Low Truss Highway Bridges. XIV. Design of High Truss 
Steel Highway Bridges. XV. Design of Steel Highway Bridge Details. XVI. Design 
of Timber Bridges and Trestles. 


PART III.— Design of Reinforced Concrete Bridges and Culverts. Chapter XVII. 
Types of Reinforced Concrete Bridges. XVIII. Stresses in Reinforced Concrete. XIX. 
Design of Retaining Walls. XX. Design of Bridge Abutments and Piers. XXI. 
Design of Reinforced Concrete Bridges. XXII. Design of Culverts. XXIII. Design 
of Concrete Arch Bridges. 


PART IV.—Construction of Highway Bridges. Chapter XXIV. Bridge Engineering. 
X XV. Estimates and Costs of Highway Bridges and Culverts. X XVI. Erection of 
Bridges. 


APPENDIX I.—General Specifications for Steel Highway Bridges. 


APPENDIX II.—General Specifications for Concrete Highway Bridges and Foun- 
dations. 


APPENDIX III.—Structural Tables 


EXTRACT FROM PREFACE 


The increase in live loads due to the extensive use of heavy motor trucks, tractors 
and traction engines, and the increased use of reinforced concrete in building highway 
bridges have made it necessary to rewrite this book. The scope of the book has been 
extended so that the book now covers the design of concrete and timber highway bridges 
as well as steel highway bridges. The design of both the superstructure and sub- 
structure of highway bridges is discussed in detail. The discussion covers all the details 
of constructing highway bridges, including the calculation of the stresses, the design, the 
estimate, the contract, and the erection and construction. 

The same size of type page and size of type as are used in the author’s “Structural 
Engineers’ Handbook” are used in this book. 
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It is a pleasure to record the publication of another book by Professor Ketchum. 
His books are always examples of what technical treatises should be, and this volume 
is no exception to the rule. This volume is a self-contained, concise and valuable text- 
book for the student or structural engineer who wishes to become familiar with the 
design of mine structures.—Canadian Engineer, July 4, 1912. 


This is a new book in a field never previously covered in a satisfactory manner. 
The various subjects described and illustrated are based on good practical working 
plants and make them particularly valuable for reference. Theauthor is to be highly 
commended for producing so useful a book.—Mining and Scientific Press, July 6, 1912. 

So far as we are aware this book has no counterpart in recent technical literature. 

— Mines and Minerals, July, 1912. 
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The object of the authors as stated in the preface, is first ‘‘to provide a simple and 
comprehensive text, designed to anticipate, rather than replace, the usual elaborate 
treatise; second, to bring the student into immediate familiarity with approved surveying 
methods; third, to cultivate the student’s skill in the rare art of keeping good field notes 
and making reliable calculations.” 


In this the authors have succeeded admirably. As a pocket guide to field practice 
for students, probably nothing better has been produced. Especially are the instructions 
in regard to keeping field notes to be commended. Many engineers have found that it 
has taken years to obtain this art, so generally neglected in the work of engineering schools. 
—Journal of Western Society of Engineers. 

The scope of the book is large, and the various subjects included are treated not in a 
descriptive but in a critical manner. The book is well arranged and is written in a clear 
concise manner, which should make its study easy and pleasant.— Engineering News. 

It gives the student just the information he needs. The book isa gratifying indication 
of the importance attached to the cultivation of habits of neatness and celerity in the 
authors’ methods of instruction.— Engineering Record. 
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